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I. INTRODUCTION Aim OBJECTIVES 
The United States is the largest com (Zea mays L.) producing nation 
in the world. Corn is grown on nearly 25% of the nation's productive 
cropland and is its most valuable crop. In the last 30 years, com 
production has more than doubled, rising from 2.1 to nearly 6.0 billion 
bushels. The United States corn production in 1971 accounted for 48% of 
the total world output (66). 
Iowa farmers produce about one billion bushels of corn each year. 
Approximately one third of this grain is marketed with a destination out­
side of the state. The physical quality of this com grain is a market 
consideration, particularly for that grain purchased by wet and dry 
millers or for export purposes. 
The term "corn grain quality" has various meanings for different grain 
users or handlers. At physiological maturity in the field, com grain has 
achieved its maximum potential. When moisture in the kernel is reduced 
to a suitable level for storage, the highest overall grain quality has 
usually been achieved. 
The application of mechanization and production technology has 
resulted in the general deterioration of corn grain quality. Com 
varieties are grown in differing environments and harvested at widely 
varying moisture contents. The kernels from these varieties are then 
subjected to differing harvesting procedures with a wide range of physical 
abuse. This is often followed by drying operations exposing the grain 
to a wide range of temperatures. Subsequent handling of grain by equip­
ment may range from belt conveyors to augers, followed by dropping the 
grain up to several hundred feet before reaching its final destination. 
2 
This subjects corn grain to conditions not normally encountered before 
the advent of increased mechanization. The trend towards field shelling 
and artificial drying in continuous flow dryers results in more potential 
damage to corn varieties. As a result, changes are needed to lessen 
harvesting, drying and handling problems, or differences in varieties with 
improved resistance to mechanical damage needs to be identified. 
A verification of the problem of corn grain physical quality and the 
year to year variation is shown in Table 1. These figures represent the 
result of thousands of samples taken during October and November of the 
harvest season. 
Table 1. Grades by states and years, percent of total samples, U.S.D.A. 
(70) 
Illinois Iowa Minnesota Wisconsin 
Grade 1970 71 72 1970 71 72 1970 71 72 1970 71 72 
No. 1 1.7 5.3 3.5 2 . 6 5.5 3.1 3.2 3.3 0.9 3.3 4.3 6.5 
No. 2 25.4 26.2 21.5 37 .9 38.5 28.7 43.9 35.0 31.5 44.7 39.8 28.0 
No. 3 25.7 36.9 27.0 24 .1 32.9 27.8 31.2 40.7 36.9 27.1 28.3 33.5 
No. 4 30.1 22.8 20.1 17 .1 14.1 18.3 10.3 10.2 14.9 9.1 12.1 13.5 
No. 5 11,M ^ = 1 ?6,0 11 _ 2 k:i 14.5 7.6 6. 0 _ 3 11 n 9.4 i o n  
Sample 5.4 3.5 3.5 7 .1 4.7 7.1 3.8 4.7 6.4 4.9 6.1 5.5 
Variation from year to year is great and is no doubt caused by 
differences in weather conditions and difficulty in variety selection to 
minimize these weather factors. The result is a moisture discount and 
frequently a test weight discount. There may be occasional damage and 
foreign material discounts. Heat damage and moldy grain would seldom be 
a problem during the harvest season. Corn with high levels of physical 
damage is more subject to fungal attack which increases the damage level. 
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Hall and Hill (31) of the University of Illinois reported that change 
in test weight varies with varieties of com, initial moisture content, 
final moisture content and amount of kernel damage. They presented 
graphically one variety showing a higher test weight when dried at 70° F 
as compared to 170° F. They also showed a decline in test weight as com 
was dried below 12%, on com harvested at 29.5% moisture and below 18% on 
corn harvested at 25.8% moisture. They report that most samples increase 
in test weight rapidly in early stages of drying and maximum test weight 
is reached between 12-16%. 
Table 2, from a March, 1974 Iowa Crop and Livestock Reporting Service 
Report (67) shows that Iowa markets less corn directly from the field than 
other mai or corn producing states. 
Table 2. Percent corn marketed direct from field, 1969-1973 (67) 
State 1969 1970 1971 1972 1973 
Iowa 13.5 13.1 10.2 18.5 14.2 
Illinois 20.5 21.5 19.0 24.0 20.5 
Indiana 30.4 29.3 25.6 38.6 29.8 
Minnesota 15.1 18.4 12.0 14.7 13.9 
Iowa farmers dry significantly less corn than other major com 
producing states. Table 3 presents this information in modified form. 
Table 3. Perccnt of com dried en and off the farm, 1970-1973 (67) 
On Farm Off Farm 
State 1970 1971 1972 1973 1970 1971 1972 1973 
Iowa 40.6 42.5 55.5 59 .0 2.4 2.4 2 .5 1.1 
Illinois 65.0 60.0 71.5 67 .5 1.0 1.5 2 .0 1.5 
Indiana 62.3 65.0 80.1 76 .0 1.0 4.0 2 .4 1.5 
Minnesota 50.9 57.0 61.5 65 .7 3.9 6.2 4 .8 3.4 
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Corn drying methods in Iowa were summarized in the same report (67) 
and reported in Table 4. 
Table 4. Percent of grain dried artificially by designated methods, Iowa, 
1969-1973 (67) 
Method 1969 1970 1971 1972 1973 
Batch 16.8 23.0 23. 8 20.3 21.4 
Batch in bin 29.5 24.7 26. 0 27.8 29.0 
Continuous flow 15.6 18.8 20. 6 24.4 25.6 
In storage by layer 36.6 32.0 27. 7 27.0 23.5 
Ear corn-forced air 1.5 1.5 1. 9 0.5 0.5 
There are general concerns in tlie com industry that artificial drying 
is detrimental to the physical quality of corn grain. The batch and 
continuous flow dryers tend to use 180°± F air temperatures, the batch in 
bin uses 140°± F and in-storage by layer dryer uses approximately 20° F 
above air temperature. There remains the unanswered question as to whether 
actual air temperature in the dryer or the rapid cooling causes the 
deterioration in quality. 
Before marketing opportunities for contracted quality grain can be 
explored, it is necessary to know if a specified quality can be produced 
and put into trade channels. Test weight has long been used as one measure 
of com grain quality. It has been used more often as a deterrent to poor 
qiiâliLy Laau as an incentive for good quality. It is also necessary to 
know if high quality grain is being presently produced or if new, improved 
varieties need to be developed. With these considerations in mind, the 
following objectives were outlined and pursued. 
1. To determine if there are basic differences in market quality 
among hybrid varieties now planted by Iowa farmers. 
5 
2. To determine if there are differences in test weight among 
varieties at harvest moisture and whether any difference in test 
weight at harvest moisture persists after artificial drying. 
3. To determine if there are differences among hybrid varieties in 
their resistance to deterioration and handling from harvest 
through delivery to first storage. 
4. To identify physical quality differences among hybrid varieties 
caused by harvesting, drying and handling. 
5. To determine by hybrid variety the time and extent of damage 
(physical) and percent of foreign matter which occurs in harvest­
ing and drying. 
6. To determine if there are differences among hybrid varieties in 
resistance to artificial "breakage" tests. 
7. To determine if the kernel size-shape characteristics of these 
varieties play a significant role in the market quality of corn 
grain. 
8. To determine the relationship between com kernel size and shape 
in the factors of grain quality such as percent moisture, test 
weight, physical damage, foreign material, breakage and pericarp 
thickness. 
The work conducted in 1970 under the direction of Dr. E. R. Duncan 
(21) (retired), Iowa State University Agronomy Department, showed great 
diversity in grain quality factors. This indicates considerable improve­
ment in market quality could be achieved on the part of growers by proper 
variety selection and on the part of seed producers by retiring some 
inbreds that consistently contribute to poor grain quality. 
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II. LITERATURE REVIEW 
Com grain quality continues to receive increasing attention from all 
segments of the grain trade. Because of this interest, the present USDA 
grades are being questioned. Before grade standards can be altered, 
additional information is needed on what happens to com grain during 
harvesting, drying and subsequent handling before arriving at its final 
destination. An understanding of the developmental morphology and 
structure of the corn caryopsis needs to be explored. A review of the 
development of U. S. official grain grading standards (71) needs to be 
made. Methods of evaluating physical damage needs to be explored if 
physical quality should become a grading standard. An understanding of 
the quality of grain now being produced and its effect on marketing to 
different buyers and users needs to be explored. Corn grain is not a 
homogeneous product and therefore information is needed to identify the 
variation and the reasons for this variation. 
A. Historical Review of Com Harvesting and Handling 
Harvesting of corn by handpicking of the ears was the practice prior 
to increased mechanization in the 1930's. Machine picking for storage 
in cribs was accepted in the 1940's and 1950*s and field shelling by 
picker-shellers and combines became a practice in recent years. It was 
reported by Hopkins and pickard in 1953 (37) LliaL Lhe coiubiiie cyliiider 
could efficiently shell com and that harvesting the corn crop with a 
combine was practical. Further research and field studies of corn 
shelling were then initiated. However, only 3% of the corn grain was 
field-shelled three years later in 1956. Since then, this practice has 
been the accepted method of harvesting corn. The portion of acreage 
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field-shelled reached 70.4% in Iowa for the 1973 season (67). The trend 
in other stat-s is illustrated in Table 5. 
Table 5. Corn for grain; percent of acreage harvested by field shelling 
methods, Iowa and selected states, 1970-1973 (67) 
State 1970 1971 1972 1973 
Iowa 53.9 57.9 70.3 70.4 
Illinois 76.0 77.0 81.5 82.5 
Indiana 76.3 76.0 87.3 85.0 
Minnesota 59.3 65.3 70.0 72.9 
The combine has been widely accepted because it is a universal 
harvester , which may be fitted with different head attachments and can 
harvest most types of grain. 
Although it has been recognized that a certain amount of grain is 
damaged by artificial drying, the major problem has been recognized as 
harvest damage due largely to the combine cylinder and subsequent handling 
methods. Ayres and Babcock (7) estimated in 1971 that mechanical damage 
resulting from shelling of kernels from the cobs ranged from 38 to 62% 
in typical high moisture combining operations. Cracked, broken or crushed 
kernels produce large quantities of foreign material before and after 
drying. This foreign material affects particularly in-storage dryer 
performance and storage of the grain. These physical characteristics may 
also be factors in contributing to lower grades as corn progresses to 
marketing channels. 
Mechanical damage may cause economic loss to the farmer. Bailey (9), 
estimated that farmers lose up to 3 cents on every bushel of corn because 
of broken kernels. Often, screenings amount to greater than 3% and it is 
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necessary that these be cleaned out before the grain gets to the 
consumer. These screenings may be worth more than 20 cents per bushel 
less than whole corn. Cleaning costs may amount to one cent per bushel. 
The total amount of loss approaches 75 million dollars annually to grain 
producers in the corn belt. 
Damaged shelled corn is also more susceptible to fungal attack and 
resultant molds than sound corn kernels. Fungal growth results in 
increased amounts of heat, water and carbon dioxide. The first part of 
the corn kernel to be discolored and destroyed is the germ, but eventually 
the whole kernel will turn brown and be commercially objectionable due to 
musty odors that develop. Recently, newly identified toxins have been 
identified with mold damage. Several of these fungi are capable of 
producing mycotoxins. Under terms of the Delaney amendment to the Food, 
Drug and Cosmetic Act, the detectable presence of these mycotoxins, many 
of which are considered carcinogens such as aflatoxin in any food or animal 
feed, renders it unfit for consumption. Chemical tests can identify myco­
toxins at levels as low as two parts per billion, and it is possible that 
small numbers of contaminated kernels could cause the condemnation of a 
sizeable amount of grain, according to Hauser (35). As a result, severe 
grain standards have been established to indicate quality of grain, and 
penalty has increased from a few cents per bushel to potentially seizing 
and destroying the contaminated crop. 
While kernel damage is a paramount problem, combine usage continues 
to be widely accepted by farmers. Combines today are larger and have 
greater capacity than ever. However, the threshing cylinder has changed 
only in dimensions and thus remains the primary source of harvest damage. 
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Many researchers. Hall and Johnson (32), Cooper (15), Byg et al. (14) 
have attempted to find other methods to improve the shelling performance 
of the combine cylinder by establishing optimum operating ranges; however, 
shelling damage remains at objectionable levels. 
Several research workers. Fox (28), Brass (13), U.S.D.A. (69) have 
reported development of different types of shelling mechanisms. A number 
of these mechanisms have resulted in less damage in shelling. However, 
these experimental shellers often lack the high capacity and durability 
to be presently accepted. 
Mahmoud (49) states that the full potential of the conventional 
shelling cylinder has yet to be realized. Mahmoud feels basic research 
could eventually lead to modifications that would substantially reduce 
the level of damage without adversely affecting the overall performance of 
the combine cylinder. 
Complaints about poorer quality com from the grain industry have 
increased with field shelling. Kernel damage from the combine cylinder 
encompasses the following; major cracks, chipped kernels, crushed 
kernels, bruised pericarp, hairline cracks and kernel tips. As a result, 
such damage may result in lower quality with subsequent handling. It 
is conceivable that a load of corn with large amounts of physically 
damaged kernels, some only showiug hairline cracks, will after a series 
of handling operations, end up at a lower grade at another location due 
to increased kernel breakage. Thus, the need exists to be able to measure 
physical damage to kernels which may lead to breakage in subsequent 
handling and transport. McGinty (53) has reported an increase of 2% in 
corn fines during the handling process may cause a loss of -Zf per bushel. 
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B. Development of U. S. Official Grain Grading Standards 
The United States Grain Standard Act, under which corn is officially 
graded, was enacted in 1916 and has been in effect since that time. The 
need for a grain standard act arose out of confusion in the middle 1800's 
as farmers moved westward in the United States. Farmers found a need to 
ship their grain to distant points in the east. There was a need to better 
describe the quality of grain that was sold. In the 1850's, the Chicago 
Board of Trade made the first attempt to describe wheat. Later they 
assigned numbers to grades with very simple definitions. Inspectors 
were appointed to apply these grades. Following this lead, boards of 
trades in other cities and states established standards and appointed 
inspectors. It was found, as pointed out by Akiyama (1), that there 
were still problems, because there were many disagreements regarding 
interpretations of terms like "dry", "damp", "plump", and "sound". 
The chaotic situation that evolved resulted in pressure for a unified 
c\rcf-OTn nf rr-rarli-na Affor r» or* q-î H o-r-t n rr H-t-f-f o-rortt- hi lie flor^OTOQQ nacQed 
the Grain Standard Act. In 1916, only the standards for corn were 
promulgated. 
Since that time, the standards have been amended several times. 
Originally, test weight per bushel was required only for Number 1 and 
Number 2 corn. Two years later, in 1918, test weight requirements were 
added for grades Number 3 through Number 6. The requirement for No. 1 
corn was lowered by one pound in 1934 and the number of numerical grades 
was reduced from 6 to 5 and test weights for No. 4 and 5 reflect this 
change. All test weight requirements were raised to reflect heavier test 
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weight corn after 1959. 
Since enactment, moisture amounts have not been changed in the grade 
standards. The amount of broken corn and foreign material present still 
reflects the limits that were established in 1916. However, in 1921 a 
change was made from a 14/64 inch round hole sieve to a 12/64 inch sieve 
for determining broken corn and foreign material. In 1934, when the No. 6 
grade was deleted from the grade standard, the maximum limits for damage 
were relaxed for all grades from No. 1 to No. 5. 
The grade requirements in the official grain standards are based on 
three criteria: class, quality and conditions according to the USCA 
Official Standards of the United States (71). 
Three classes of corn are described—yellow, white and mixed. 
The quality criteria generally refers to plumpness, soundness and 
cleanliness of the grain. These values in corn are reflected in the 
test weight, moisture, damage (not mechanical or physical damage) and 
broken corn and foreign material. Of these quality criteria, Akiyama (1) 
points out that test weight has been used as an indicator of higher yield 
in processing, more nutrients, better feeding value, an indicator of dry 
matter and storability (the higher the moisture content the greater the 
chance of corn going out of condition or being damaged by the growth of 
microorganisms). IL Is asbumed that damaged corn provides less nutrient 
value, the quality and quantity of starch, protein and oil being greatly 
reduced. This type of damage, as described in the standards refers to 
kernels affected by mold, sprouting, heat, frost, disease or other factors. 
This is in contrast to the definition of damage involving mechanical or 
physical damage caused by harvesting or handling. 
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Table 6. Grades and grade requirements for corn (71) 
Maximum limits of 
Grade Min. TW Moist. Broken corn Damaged kernels 
lbs, per bu, % & P.M. % Total Heat damaged 
% kernels-% 
U.S. No. 1 56.0 14.0 2.0 3.0 0.1 
U.S. No. 2 54.0 15.5 3.0 5.0 0.2 
U.S. No. 3 52.0 17.5 4.0 7.0 0.5 
U.S. No. 4 49.0 20.0 5.0 10.0 1.0 
U.S. No. 5 46.0 23.0 7.0 15.0 3.0 
U.S. Sample 
Grade U.S. sample grade shall be corn which does not meet the 
requirements for any of the grades from U.S. No. 1 to U.S. 
No. 5, inclusive; or which contains stones; or which is 
musty, sour, or heating; or which has any commercially 
objectionable foreign odor: or which is otherwise of 
distinctly low quality. 
The quality factor, broken corn and foreign material, as in the case 
of moisture is considered an indicator of storability. When fine 
materials are packed closely together, they may restrict air flow, creat­
ing hot spots and induce heating of the stored corn. Johann (40) points 
out that microorganisms will more readily attack corn that has been 
broken (and the fine material) because the endosperm is exposed. Also 
in this fraction many undesirable or even toxic weed seeds may be found. 
The final quality criteria, condition, reflects the state which the 
grain is in. This may be heating, it may contain odors that are sour, 
musty, or otherwise objectionable to a buyer. It may also contain stones, 
rodent excreta, toxic seeds, or other foreign fragments that affect the 
usefulness of a lot of grain. 
Grain grading standards were developed for a purpose. One of these 
purposes is to reflect the true value of various plots of corn enabling 
both buyer and seller to select the right grade for his intended usage 
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and to provide a common language in establishing a price. To arrive 
at this purpose, the factors establishing the grade must be quickly and 
accurately determined and the differences between grades must be meaning­
ful. 
Corn grain is purchased and sold on price quotations based on a 
standard trading grade such as No. 2 corn. It is necessary to minimize 
the number of computations needed to assess discounts and premiums. 
Uhrig (65) notes that by placing price quotations on a standard trading 
grade, comparison of bids, premiums and discounts may be needed. 
A concern of many corn producers is that they presently do not 
receive a premium for producing high quality corn. They feel that a lack 
of premium penalizes the producer of high quality grain and encourages 
blending of poor quality with the higher quality grain and thus resulting 
in loss of corn that "fits" the described grain. 
Many producers of high quality grain criticize the U. S. grading 
standards and the grain trade for practicing this type cf activity. 
Many researchers as well have brought criticism of the U. S. grading 
standards in the past few years (Bailey (9), Grow (29), Maywald (51) 
and Uhrig(65)). These researchers have pointed out that the grading 
system has resisted change and has not effectively remained up to date 
with technological progress in agricultural production. It was also 
observed that the grading system has failed to recognize the need for 
better methods of sampling grain. Many of these researchers felt that 
the numerical grades presently being used to measure corn grain quality 
characteristics are outdated, that the standards are counter-productive 
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and penalize the grain producer. 
The largest portion of criticism has been directed towards the 
quality criteria of the official grain standards; test weight, moisture 
content, the double meaning of the word "damage" and broken corn and 
foreign material factors. Several research workers have leveled criticisms 
at various portions of these factors that make up the quality criteria of 
the U. S. grain standards (Bailey (9), Bilanski (11), Duncan, et al.(22), 
Kaminski (41), Uhrig (65), and Hall and Hill (31)). 
Hall and Hill (31), quoting from USDA Miscellaneous Publication No. 
173, Proposed Revised Federal Grain Standards, 153 pages, 1933, made the 
following comments: "Variation in the test weight per bushel of corn does 
not correlate with utility values to anywhere the same extent as they do 
in the case of wheat in which test weight is important as an index of 
flour yield. For this reason, the grade factor "test weight per bushel" 
should not be given as much weight in the determination of numerical 
grade in the corn standards as in the wheat standards. It is desirable 
in the corn standards to maintain a reasonably high level of quality in 
grades 1 and 2, (according to test weight per bushel). This is necessary 
in order to guarantee a good milling quality in corn of the grades most 
commonly used by corn millers. But relevantly high test weight per 
bushel is not an equally important index of the value of corn for use in 
livestock feeding or for use in the so-called corn products industries. 
Where the buyer contracts for 1,000 bushels of corn, the seller must 
fulfill the contract with a delivery of 56,000 lbs. of corn. Pound per 
pound the utility value of high test weight corn for livestock feeding 
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or for use in the so-called corn products industry is usually not 
considered much, if any, greater than that of low test weight corn, 
with the possible exception of immature corn that is of very low test 
weight. So far as the utility value of corn for livestock feeding is 
concerned, feeding tests of high test weight and low test weight corn 
has shown sometimes that the low test weight corn was of superior value 
because of its relatively higher protein quality". Hall and Hill (31) 
also point out that test weight of some varieties increases upon drying 
when harvested at high moisture levels. The present numerical grading 
system was established at a time when corn was shelled at low moisture 
with minimal damage. With the advent of field shelling, high moisture 
levels have resulted in increased amounts of kernel damage. Hall and 
Hill (31) also point out that test weights obtained by converting the 
specific density data to test weight values show a comparatively slow 
increase in weight. After the initial drying phase, the two curves 
are very similar. This would suggest that the test weight of high 
moisture shelled corn is strongly influenced by factors that are not 
related to actual corn quality. Freshly harvested, undried corn can be 
readily picked up by the fistful. Much less dried corn can be grasped 
this same way. According to Hall and Hill (31), dried corn has a lower 
coefficient of friction and packs closer together than the wet corn. 
This results in a difference in test weight due only to the coefficient 
of friction of the shelled corn. Quite obviously, this coefficient has 
nothing to do with the actual quality of the corn. 
Duncan, et al. (22) points out that based on test weights only, No. 1 
corn must weigh 56 or more pounds per bushel. There is seldom a market 
16 
price quoted for this grade. No. 2 grade corn must weigh 54 pounds or 
more. Market discounts are normally applied for grain weighing less 
than 54 pounds per bushel. These discounts vary from year to year and 
from buyer to buyer. The most common discount is If per pound or 
fraction thereof below the 54 pound test weight minimum for No. 2 grade 
corn. Test weight is usually determined on the corn grain sample at 
"received" moisture and temperature. Duncan, et al, (22) observed that 
in 1970 that test weights at harvest moisture were consistently lower 
than "dry" (12%) test weights. 
Mahmoud (49) points out that the contemporary grading system does 
not account for all types of mechanical damage. The cracked corn and 
foreign material referred to in the USDA grade standards is determined 
by sieving through a 12/64 inch round hole sieve. Any cobs or matter 
other than corn that does not pass through the sieve is also included as 
foreign material. The percentage of foreign material is computed from 
the weight of the material removed aud the weight of the original sample. 
Typical foreign material discounts are If for each 1% or fraction 
thereof, between 3 and 5%; and 2<: for each 1% or fraction thereof, over 
5%. Not only does foreign material lower the grade of the corn, but in 
some cases it may also be subtracted from the total weight of the load 
of grain. 
The foreign importer of corn is also placed at a disadvantage under 
the present system. The grade of corn is presently determined at the 
location of purchase. Through subsequent drying and handling operations, 
an increase in the percent of broken corn and foreign material lowers the 
quality of the grain by the time it reaches its final destination. 
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Bailey (9) has observed that countries exporting corn where the crop 
has been naturally dried in the field and harvested by hand have been 
exporting superior quality corn when compared to that from the United 
States. A need has been expressed by many researchers to introduce total 
physical or mechanical damage, including hairline cracked kernels as a 
grading factor. The large objection in the grain industry to the 
inclusion of this type of standard has been based on lack of expedient 
techniques for evaluating this type of damage (Kaminski (41), McGinty (53)). 
The moisture factor associated with quality has also been criticized. 
Although changes in technology including field shelling of high moisture 
corn and subsequent drying to acceptable storage levels has been 
practiced for 15 years, the grade standards for moisture for No. 1 through 
No. 3 grade corn are still based on the standard enacted in 1916. No. 2 
corn must contain no more than 15^5% moisture to remain in that grade. 
Although very little corn is priced or sold as No. 1, the grade standard 
for this level is established at 14.0%. Nearly all corn, field ohelled 
and dried, must be dried below 14% for satisfactory storage. However, 
many corn producers feel that a premium should be paid for drying to this 
acceptable level or that the standards should be changed to reflect 
modern day technology. 
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C. Developmental Morphology and Structure of the 
Corn Zea mays L. Caryopsis as Related 
to Grain Quality and Damage 
According to Wolf et al, (77), the kernel of corn (Zea mays L.) is a 
fruit composed of a thin pericarp enclosing a single seed. The pericarp 
is a mature ovary wall and comprises all the outer cell layers down to the 
seed coat. It adheres closely to the seed coat along its inner surface. 
The seed coat in turn encloses the germ and the endosperm, the three 
forming the seed. An understanding of these three main structural parts 
of the corn kernel; hull (pericarp and seed coat), endosperm and germ, 
is important in industrial processing of corn grain since in many cases, 
separation of these three structural parts is involved. 
The fruit of corn is known as a caryopsis, since the pericarp does not 
open on drying to liberate the seed and is a characteristic of cereal 
grains. 
The parts of the corn kernel in their relationship to each other as 
outlined by Wolf et al, (77) is summarized in Figure 1. 
The parts of the corn kernel and their ability to withstand physical 
and mechanical pressures differ sharply from one another from both a 
structural and chemical standpoint. These parts comprising the kernel as 
Outlined by Wolf et al,(77) aie indicated in Figure 1. 
Wolf et al.(77) found kernels from the same ear varied considerably 
in both size and shape, depending upon their position on the cob. Because 
of differences in the direction and magnitude of pressures exerted during 
growth and development, the basil kernels and those at the tip were stubby 
and rounded, whereas the remainder were more or less flat. They also found 
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1. Epidermis, cutinized 
2. Mesocarp 
3. Cross cells 
4. Tube cells 
Corn kernel — 
(caryopsis) 
Tip Cap 
rSeed coat Hilar layer 
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1. Aleurone layer 
2. Starch storage parenchyma 
'•Embryo — 
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2. Oil storage parenchyma 
3. Vascular tissues 
Embryonic 
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Plumule, covered by coleoptile 
Mesocotyl with adventitious roots 
Primary root, covered by 
coleorhiza 
Figure 1. Parts of the corn kernel and their relationship to each 
other (77) 
varietal differences in kernel shape which were related primarily to 
endosperm characteristics. 
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be quite variable, ranging from solid to variegated. Emerson (24), Eyester 
(25) and Randolph (56) found that pericarps of corn kernels ranging from 
colorless to orange, cherry red, red, dark red, brown or variegated. . 
ihe aleurone layer has been described by other researchers including East 
and Hayes (23), Emerson (24), and Kvakan (47) to range from colorless to 
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red, red-purple, purple, and brown. The endosperm has been found to be 
from colorless to various shades of yellow by East and Hayes (23) and 
Kvakan (47), whereas the scutellum has been reported to range from yellow, 
colorless to yellow, orange, red, and purple by Sprague (61). 
1. Parts of the kernel 
To better understand the effects of mechanical harvesting and handling 
on the corn kernel, a full assessment of the morphology of the corn kernel 
will be made. 
a. Pericarp The pericarp is described as the outermost structural 
portion of the corn kernel. The exception is near the base of the kernel 
where a relatively small area is covered by the tip cap. The tissues of 
the pericarp and tip cap as described by Wolf et al.(77) are continuous, 
hence the two structures form a complete covering for the seed. Along 
its inner surface, the pericarp is in direct contact with the seed coat. 
The outer surface of the pericarp is considered smooth with the 
exception of dent corn varieties where some wrinkling may be observed 
in the crown area. On the germinal space (front) near the upper portion 
of the crown, a small protuberance in the pericarp marks the point of 
attachment of the silk. 
Wolf et al. (77) reports that between 5 and 6 percent of the corn 
kernel is composed of pericarp and the tip cap and that the composition 
is similar for flint, dent, and flour corn. The tip cap, at the extreme 
base of the kernel, is composed largely of pedicel tissue which joins 
the kernel to the cob. Wolf et al reports a large cavity is formed in 
the upper part of the tip cap by shrinkage of the tissues as the kernel 
dries. This cavity cuts off the vascular tissues of the tip cap from the 
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hilar layer which lies above. 
Often, the kernel separates from the cob at the base of the tip cap. 
Sometimes, however, the tip cap remains attached to the cob or is removed 
by subsequent handling of the kernel. When present on the kernel, the 
tip cap is easily removed by a slight pull, exposing the dark hilar layer 
which lies above it and covers the base of the kernel. 
Separation of the pericarp from the germ and endosperm is an objective 
of the milling processes. If the separation is not complete, lower 
quality products result. In wet milling, the pericarp is added to the 
gluten feed, whereas in dry milling, it is added to the hominy feeds, 
Wolf et al.(78). 
The pericarp of the corn kernel is much thicker at the base of the 
kernel than in the central and upper regions. Wolf et al.(78). It is also 
appreciably thicker over the back (abgerminal side) than over the germinal 
side. The thinnest pericarp is over the dent region. About 17 to 22 
cell layers (averaging about 20) are found ever the germinal space and 
about 19 to 25 (average about 22) over the back of the kernel. Variation 
in thickness is therefore, due primarily to differences in compression 
over different parts of the kernel rather than to differences in the 
number of cell layers. 
The outermost portion of the pericarp is the first four layers of this 
portion of the corn kernel. As described by Wolf et al.(78), this is 
followed by mesocarp, cross cells, and tubed cells. The epidermis is 
coated with a relatively water impervious film known as the cuticle 
which forms a continuous covering over the outer surface of the epidermis 
or of the epidermal layer. The cuticle may sometimes be flaked off 
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mechanically in small areas and varies in thickness from 0.7 to 1.0 microns. 
The epidermis which is only one cell layer in thickness is the outer­
most cell layer of the pericarp except over the end of the tip cap. The 
outer epidermal wall is about twice as thick (4 to 6 microns) as the inner 
wall and is the thickest of all those encountered in the pericarp. It is 
non-porous. 
Directly beneath the epidermis is the mesocarp region which includes 
ail cells from the epidermis to the cross cells and forms the bulk of the 
pericarp. The outermost 3 or 4 cell layers of the mesocarp contain slit­
like and almost closed lumina. The size of the lumina are greater in the 
central zone of the mesocarp and progressively increase in diameter in 
the mesocarp in the inner layers where the increased pressure results in 
compression and collapsing of the cell walls from the resultant growth of 
the endosperm and the embryo. The cells of the mesocarp as described by 
Wolf et al.(78) are cemented to each other along their entire surface and 
aie cliàLâcLci ized uy àii ùvêL la^jpiug, iiiLei lucking ai tangêmenL • 
The innermost portion of the pericarp contains cross cells forming 
a layer two to four cells thick just beneath the mesocarp. These cells 
are stretched tangentially around the kernel at right angles to all other 
cells in the pericarp. All other cells in the pericarp are oriented 
parallel to the long axis of the kernel as described by Wolf et al. (78). 
The tube cells make up a single role of cells forming the innermost 
layer of the pericarp and constitutes an inner epidermis. VoeI (72) has 
reported two layers of tube cells arranged at right angles to each other. 
However, Wolf et al.(78) feels he mistook a layer of cross cells for tube 
cells. 
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Richardson (58) reports the pericarp or hull of popcorn is a thin 
but tough protective layer surrounding the grain, and that it becomes an 
important factor in popcorn quality. 
Much of the information relating to pericarp thickness as a quality 
factor has been generated by investigators working with sweetcorn. This 
data was obtained between 20 and 30 days after pollination and may have 
little bearing on the nature of mature pericarp in dent corn varieties. 
Working with sweetcorn, Haddad (30) and later Bailey and Bailey (8) 
measured pericarp thickness and resistance to penetration, and reported an 
inverse relationship between pericarp thickness and pericarp toughness. 
Kramer et al.(46) and later McArdle and Desrosier (52) used a blender with 
water to grind up sweetcorn kernels. The blended sample was then filtered 
through a screen and the remains of the shredded pericarp dried and weighed 
to determine the proportion of pericarp. Inadequate separation of pericarp 
tissue from other portions of the kernel proved this type of test unsatis-
f&ckozy• 
Richardson (58) reported that selection of kernels from a given area on 
the ear for measurement of pericarp thickness would remove one important 
source of error as reported by Wolf et al»(78) in making morphological 
studies of pericarp thicknesses on dent kernel corn due to the variation 
and thickness with location on the kernel. Richardson (58) observes that 
the location of the kernel on the ear can affect pericarp (hull) thickness. 
Therefore, he recommended only kernels from the middle of the ear to be 
selected for measuring. Similarly, the amount of moisture present in the 
corn was reported to have a small but measurable effect on pericarp thick­
ness and should be uniformly controlled in the samples to be measured. 
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Richardson (58) measured 100 kernels from the middle of a hybrid 
popcorn ear at 3 points on the abgerminal side. The first region 
measured was just above the tip cap, the second lay midway between the 
tip cap and the silk attachment, while the third area measured was the 
crown. Values of 121.6 ± 8.5 microns were obtained for pericarp from 
the tip cap area, while that from the second region was measured at 
83.3 ± 2.3 microns and the crown pericarp at 51.4 ± 2.3 microns. Richard­
son (58) found measurement of the pericarp in the tip cap area difficult 
because of large amounts of accessory material. Measurements taken by 
Richardson (58) from the butt, middle and tip region of four hybrid 
popcorn ears showed tip kernels have the thinnest pericarp, 67.1 ± 1.4 
microns while that from the butt kernels was thickest, 77.6 ± 2.7 microns. 
Kernels taken from the middle of the ear had pericarp intermediates 
between these extremes at 70.2 ± 2.0 microns. 
Richardson (58) also studied the effect of maturity on pericarp thick­
ness usine four Doocorn hvbrids erown and harvested neriodicallv fusuallv 
every other day) from September 23 until November 13. The kernel moisture 
was determined as well as an immediate pericarp measurement. A second 
determination of pericarp thickness was made after the corn had been 
conditioned for popping. In the earliest stages covered by the test, 
pcricarp thickness undergoes a gradual decrease as kernel moisture 
approaches 32%. This was also observed in sweetcorn by Culpepper and 
Magoon (18) who found a decreasing pericarp thickness and increasing 
toughness 15 days after pollination. When the thinnest point of pericarp 
thickness has been reached, Richardson (58) found a gradual increase in 
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pericarp (hull) thickness which begins and continues until the latter 
stages of maturity. Richardson (58) observed that the best way to 
minimize the effect of maturity on pericarp thickness would be to delay 
the harvest of ears to be tested until complete maturity. At that time, 
thickness values have been stabilized. All hybrids tested by Richardson 
(58) showed the same general decrease in pericarp thickness followed by 
an increase in thickness as maturity approached. The point of thinnest 
pericarp (hull) thickness was found at about 29% moisture. Richardson 
(58) describes the original decrease in pericarp thickness results from 
stretching caused by the enlargement of the endosperm which it contains. 
In addition, he reports that the loss of water and decreased succulence 
of the tissue continues the thinning trend. This trend is undoubtedly 
reversed by lignification of pericarp tissue, a process which apparently 
proceeds to a limited extent even after the ear has been harvested, 
since values taken after the corn is conditioned are generally greater 
thaa those Laken immediately after harvest. 
Since hereditary influences were suspected to influence pericarp 
thickness, Richardson (58) observed several inbreds from dent corn, pop­
corn and sweetcorn. The sweetcorn lines tested contained thin pericarp 
reflecting selection for tender pericarp which sweetcorn breeders have 
practiced for many years. Among dent corn lines, both thin pericarp 
(OH 45) and thick pericarp (OS 120) lines exist and a similar pattern 
was found among the popcorn lines tested. The variation obtained in the 
dent corn and popcorn lines was observed by Richardson (58) to reflect 
the lack of selection for this character. 
26 
To determine the inheritance of pericarp thickness, Richardson (58) 
observed five inbred lines of diverse origin and tested them in all 
possible combinations. By studying the reciprocal crosses, Richardson 
(58) found maternal inheritance was not involved. He also observed that 
certain inbreds exert quite striking dominant features in some combinations 
and that some moderately thin pericarp inbreds exhibit dominance over many 
thicker pericarp lines. Richardson (58) pointed out, however, that some 
caution must be exerted in describing the thinner pericarp of the hybrid 
as a dominant effect since some of this is undoubtedly due to the increased 
vigor of the hybrid over the inbreds resulting in greater development of 
the endosperm. This would bring about more extensive stretching of the 
pericarp as the endosperm expands and results in a thinner pericarp for 
the hybrids. Richardson (58) found resulting hybrids averaged 4.7 microns 
thinner than the parental average of the inbreds making up the cross. 
A more elaborate test conducted by Richardson (58) showed that when 
evaluating the F? pupulation for pericarp thickness, it was founri that 
the population appeared to form a discontinuous distribution with 64 
percent of the plants at the lower end of the scale and 36 percent re­
sembling the parent with thicker pericarp. This distribution represented 
a fairly close approach to a 3 to 1 ratio indicating a single dominant 
gene for thin pericarp. Therefore, Richardson (58) concluded that the 
probability of the involvement of a dominant gene with major effects on 
pericarp thickness was quite high. Richardson (58) also reported that 
the dominance of thin pericarp is seldom complete, inasmuch as values for 
pericarp thickness corrected for hybrid vigor often approach but seldom 
27 
reach the value of the thinner parent, suggesting that something more than 
the single dominant gene is involved in pericarp thickness. Furthermore, 
wide differences in pericarp thickness between lines presumably carrying 
the same dominant gene suggests differences in pericarp modifying genes 
among these lines. Therefore, Richardson (58) concluded that inheritance 
of the pericarp thickness character seems relatively simple, with a single 
major dominant gene for thin pericarp and a modifier complex which includes 
the production of thick pericarp. 
Koehler (45) examined pericarp injuries in seed corn and examined 6 
selected grade sizes of the same hybrid from each of a number of seed 
processors for three years. He found a strong trend for the percentage of 
crown injury (severe and slight) to increase as the size of the kernel 
increased. This type of injury also occurred more frequently in flats 
than in rounds. Injury over the plumule increased significantly as size 
of kernel increased. But rounds had more injuries of this type than flats. 
The same relationship held for Liu caps urokcu off, with significant 
differences in two years. Sound kernels, as might be expected, increased 
as size of kernel decreased, significantly so in one year. The results 
of this three year test agree with more limited data reported by Wortman 
and Rinke (80) that is, that most crown injury occurred in flats; the most 
injury on the face of the germ in rounds; and the most total injury in 
rounds. 
The effect of maturity in hybrids was also studied by Koehler (45). 
He observed differences between three double cross varieties when evaluated 
for spontaneous pericarp injury. Koehler (45) postulated that since peri­
carp consists entirely of maternal tissue, the pollinator probably had no 
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affect on the results. All hybrids showed highly significant difference 
in the presence of sound kernels at different stages of maturity. On 
immature seed, the pericarp became wrinkled and cracks developed in the 
part of the kernel near the tip end; this usually occurred on the back of 
the kernel where it was classified as "other pericarp injury". Some 
spontaneous cracks also appeared over the radicle. Differences in the 
occurrence of spontaneous pericarp injury were greater at different stages 
of maturity than between hybrids. In the pre-dent stage at an average 
grain moisture of 61 percent, spontaneous cracking was especially notice­
able; it became negligible by the time 99 percent of the kernels were 
dented. 
Another experiment by Koehler (45) evaluated mechanical injury to 
different double cross hybrids to determine the effect of maturity and 
hybrids on mechanical damage. In this experiment, differences between 
hybrids were as striking as differences due to stage of maturity. For 
each hybrid, mature seed had the highest percent of sound kernels and 
the lowest percent of injury around the edge of the germ and "other peri­
carp injury". Differences between mature and immature seed for these 
two pericarp injury classes were usually highly significant. The hybrid 
that had the lowest percentage of sound kernels also had the highest 
incidence of injured kernels within most of the injury classes. 
Koehler (45) also found that more pericarp damage was caused by the 
cylinder sheller than by a two-row machine, especially crown injury, 
injuries around the margin of the germ and "other pericarp injuries". 
Correlation coefficients showed a highly significant positive correlation 
between grain moisture and number of pericarp injuries for all injury 
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classes except slight crown injury. With few exceptions, Koehler (45) 
found that various kinds of injury were most numerous at the highest 
moisture and the least nearest 12 percent moisture. Severe crown injury, 
injury over the plumule, other pericarp injury, and tip caps broken off 
had the closest correlation with moisture at shelling time. 
Tatum and Zuber (63) reported data for shelling at only two grain 
moistures. They reported about twice as much kernel injury at 7.6 percent 
moisture as at 12.0 percent. This, of course, is for seed corn. 
In evaluating the effect of pericarp injury on moisture absorption, 
fungus attack and vitality of corn, Alberts (3) pointed out that the 
pericarp of corn kernels is frequently injured by bruising, by mice or 
by shelling, and, before corn is fully mature the crowns of the kernels 
are easily bruised when handling. Alberts (3) also reports that some 
strains are very susceptible to such injury. He noted that mutilated 
kernels of corn lose more moisture in dry air than uninjured kernels and 
that they absorb more moisture in moist air than do uninjured kernels= 
Mutilated kernels also were attacked more readily by fungi than uninjured 
kernels. He also observed that in nearly all instances fungi appeared 
first at the place where the kernel had been attached to the cob. In 
studying the viability of corn, Alberts (3) reported that pericarp injury 
reduced the germination, the sprout weight and the seedling growth of 
corn. Alberts concluded by saying that when a portion of the pericarp is 
broken or removed, the endosperm is exposed to atmospheric fluctuations 
of moisture and, as a consequence, the stabilizing function of this 
portion of the seed coat is lost. Enzymes secreted by the epithelial 
cells of the scutellum diffuse through the endosperm and the products of 
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their action readily become available to fungi when the pericarp is 
broken. Invading organisms then utilize the hydrolyzed starch for their 
metabolism and secrete enzymes of their own which cause a rapid decomposi­
tion of the endosperm. Therefore, the weakened seedling resulting from 
pericarp injury must depend upon the soil for its entire supply of food 
materials at an early stage. It was therefore concluded that mechanically 
injured corn was undesirable for seed purposes. 
In studying the development morphology of the caryopsis in maize, 
Randolph (57) found that at the end of 18 days, the pericarp had reached 
its point of maximum thickness and in the crown region, a collapse of 
the inner cells was taking place, a process which later extends throughout 
the extent of the pericarp and partly accounts for the very appreciable 
reduction in thickness as maturity is reached. 
In the past, there was a conspicuous lack of uniformity in the use of 
the term "seed coat" as applied to the caryopsis of maize and other grasses. 
V.'eatherwax (74) referred to the pericatp as the seed coat, whereas 
Artschwager et al,(6) has called the pericarp plus the integuments the 
seed coat. Randolph (57) points out that according to long established 
usage, the term "seed coat" is properly applied only to the structure or 
structures present in the mature caryopsis which originated solely from 
integument tissue. When separate layers are formed by the two integuments, 
the hard outer layer is called appropriately the "tufta". 
Randolph (57) observed that the transformation of the ovary wall into 
the pericarp is a gradual process and requires the entire period from 
fertilization to maturity for its completion. A progressive series of 
changes is involved which includes growth by cell division and cell 
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enlargement, disintegration and collapse of cells in certain regions, 
extensive lignification of cell walls and a final compression of the 
entire tissue into the relatively thin protective covering of the mature 
caryopsis. This accounting of the development of the pericarp is 
essentially the same as Randolph (56) and Haddad (30) have described. The 
ovary wall, which differentiates into the pericarp as kernel development 
proceeds, consists chiefly of thin walls, undifferentiated parenchama 
cells at the time of fertilization. 
Randolph (57) reports that within 10 days after pollination the ovary 
wall, or pericarp, has increased approximately 3 times its original length 
and twice its original diameter. At about the 10 day stage, the cells 
that were approximately half way between the outer and inner limits of 
the pericarp in the sub-crown region surrounding the base of the style 
begin to disintegrate. The pericarp increases in thickness, according to 
Randolph (57) up to 9 to 12 days in the crown region and up to 15 to 18 
days in the basal region. Thereafter, a cessation of lateral growth 
activity accompanied by disintegration in the middle region and compression 
of the tissue laterally results in a gradual decrease in the thickness of 
the pericarp in the latter stages of maturity. Randolph (57) points out 
that as maturity approaches, the new pericarp becomes more and more com­
pressed until it is scarcely distinguishable as a separate region, except 
near the base of the kernel where it remained separate. The lumina of 
the cells in the outer pericarp gradually disappeared, owing to lateral 
compression and increase in wall thickness. In the mature pericarp, the 
much thickened and extensively lignified tangential walls of the individual 
cells are appressed and form a firm protective covering for the caryopsis. 
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Johann (40) also reports that in the course of development, the wall 
of the ovary becomes the pericarp of the caryopsis. As the development 
of the kernel continues, the cells near the base of the ovary and on the 
inner side of the ovary wall become more spongy in character while the 
cell walls of the outer layer of the pericarp thicken, show numerous pits 
and respond to safranine stain. Most of the spongy cells of the pericarp 
with the exception of those near the base of the kernel gradually disappear 
so that in the mature caryopsis, the larger part of the pericarp is 
composed of thick walled, pitted cells which usually become quite compact 
over the distal surfaces. Johann (40) observed that over the coleoptile 
region of the embryo, both types of cells persist in considerable number, 
while in the area to be ruptured by the emerging coleorhiza, only the thin 
walled parenchyma is found. A relatively thin layer of cutin covers the 
outer surface of the pericarp. 
In studying factors associated with varietal differences in rate of 
field drying In corn. Crane et al.(1/) found that husk and shank 
characteristics and the shape or size of the ear were not major factors 
associated with differing rates of drying among corn varieties. Larger 
and more conspicuous differences in pericarp permeability were found 
between a fast and slow drying hybrid. 
Haddad (30) pointed out that the thinner the ovary wall, the more 
resistance to puncture it offers in sweetcorn varieties. In other words, 
after the ovary wall reaches its maximum thickness, the thinner it becomes 
the tougher it will be. 
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Millier and Branson (76) point out that all starchy corns may be 
placed in one of four classes: popcorn, flint corn, dent corn or flour 
corn on the basis of distribution and relative proportions of hard and 
soft starch in the endosperm. The endosperm of the best strains of 
popcorn is corneous throughout or contains only a small core of soft 
starch near the center. In flint corn, the endosperm consists of a small 
quantity of soft starch near the embryo, completely surrounded by corneous 
starch. In dent corn, the corneous starch is confined mainly to the sides 
of the kernels, soft starch constituting a larger portion than in flint 
corn. In flour corn, the endosperm is entirely a soft starch except for 
traces of hard starch. 
Purdy and Crane (55) in evaluating the influence of pericarp on 
differential drying rates in "mature" corn found that by removing the 
pericarp from kernels of fast and slow drying corn that almost identical 
rates of moisture uptake and loss were found. Intact kernels of the same 
hybrid demonstrated diffprinp r^tes of moisture uptake and less. They 
postulated that the differential rates of water loss were due to the 
physical structure of the pericarp and not to metabolic processes within 
the kernel. The faster drying rates were associated with thinner pericarp 
and greater permeability. 
Working with sweetcorn, Culpepper and Magoon (18) show that the 
toughness of the pericarp increases with the age of the kernel. The 
thickness of the ovary wall increases until the 10 day old stage for the 
hybrid until the 15 day stage for the two parents. After this period, 
there is a decrease in the thickness of the ovary wall and at the same 
time, there occurs an increase in toughness of the pericarp. 
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Daynard and Duncan (19) described the black layer, that develops in a 
region of cells several layers thick formed between the basal endosperm 
of the kernel and the vascular area of the pedicil, as a measure of grain 
maturity. They describe this black layer as an indicator of physiological 
maturity and studied it in four hybrids ranging in physiological maturity. 
They point out that as physiological maturity is approached, these cells 
near the basal endosperm shrink and become compressed into a dense layer 
which appears black to the naked eye. Approximately at the same time, the 
basal conducting cells of the endosperm become disorganized and are crushed 
tangentially so that their translocation functions probably cease. At 
maturity, the black closing layer connects with the testa and the pericarp 
to form a suberized barrier around the seed. 
b. Seed coat Directly inside the pericarp, as pointed out by Wolf 
et al. (77) lies the seed coat which covers all of the kernel except the 
base. The hilar (or black) layer is continuous with the seed coat and 
covers the basal portion of rhe kernel. Topenher. rhe seeri mar snH hi 1 ar 
layer form an unbroken, protective covering about the entire germ and 
endosperm. 
In corn, as in all seeds, the seed coat originates directly from the 
integuments which cover the ovary in the early development of the seed. 
In many seeds, the integuments undergo differentiation and form a hard 
resistant seed coat which covers the mature seed. However, in corn, the 
protective function of the seed coat is assumed by the pericarp and the 
integuments degenerate. This seed coat in corn is often commonly referred 
to as the hyaline layer or hyaline membrane. 
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c. Endosperm Wolf et al. (77) describes the endosperm as comprising 
about 80 to 84 percent of the weight of the corn kernel. It consists of a 
thin outer layer of aleurone cells, containing oil and protein and a larger 
inner portion of storage tissue containing starch and protein. The endo­
sperm envelopes the germ, but only the aleurone layer is present over the 
face of the germ; the major portion of the endosperm lies to the back, 
side and above the germ. Wolf et al.(77, 78) describe different types of 
starch-storage endosperm present in the corn kernel. Two types are present 
and visible to the naked eye. The horny endosperm and the floury endosperm, 
the former so called because it is hard and transluscent, the latter 
because it is soft and mealy in texture and relatively opaque. In yellow 
varieties of corn, the horny endosperm has a much deeper color than the 
floury. The ratio of horny to floury endosperm as described by Wolf etal. 
(77) averages about two to one in dent corn. The horny endosperm lies 
chiefly at the sides and the back of the kernel. Absence of a thick, horny 
layer in croT-m result? in structural weakness in that area; hence as 
the kernel dries and shrinks, the maturity of the dent is formed by the 
collapse of the loose, floury endosperm tissues. Neither flint nor pop­
corn is dented because the crown region in both is supported by a 
relatively thick layer of horny endosperm. Early work by Hopkins etel. 
(38) differentiated the horny endosperm into an outer "horny gluten" 
layer which also included the aleurone cells and an inner horny endosperm 
layer. The starchy endosperm cells are elongate and arranged end to end, 
with their long axes radiating in all directions from the vertical fissure 
under the dent in the upper part of the endosperm. Wolf et al.(79). The 
smallest endosperm cells appear to be those beneath the aleurone layer. 
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The walls of the starchy endosperm cells are much thinner than those of 
the aleurone cells. The larger, floury endosperm cells, as pointed out 
by Wolf et al.(79) have thicker walls than the relatively smaller, horny 
endosperm cells. Moving from the periphery of the endosperm inward, the 
average thickness of the walls was found to increase gradually from about 
1.0 micron in the outermost horny endosperm cells to 1.3 micron in the 
innermost floury endosperm cells. The entire endosperm shows evidence of 
structural stresses related to the successive phenomena of growth and 
natural dehydration to which the kernel has been subjected. Two pronounced 
areas of cell distortion are described by Wolf et al. (79). First, in the 
upper, floury endosperm region below the dent, cell damage can be ascribed 
to collapse of cells as the kernel dries during the formation of the dent. 
Secondly, cell damage may occur in the vicinity of the scutellum. These 
cells become progressively more compressed the closer they are to the 
embryo. 
A critical zone in industrial wet and dry milling operations of corn 
is the junction between the germ and the endosperm. Although, there is 
a sharp change from endosperm to embryo tissue, there appears to be no 
pre-existing separation of endosperm and germ. Yet, in the milling proc­
ess, efficient degermination requires that cleavage occur in this region 
to avoid reduction in yield of product. If the separation is not complete, 
poor efficiency results and relatively low yields of oil will occur. 
Neenan (54) points out that from 0.6 to 0.7 pounds of oil per bushel of 
corn is obtained in the dry milling process compared to 1.6 pounds per 
bushel in the wet milling process (Corn Facts and Figures, (16)). This 
difference in efficiency of germ separation is the result of the difficulty 
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in separating the germ from the endosperm in dry milling operations. 
Wolf et al.(79) points out that before starch granules can be 
separated from the kernel in corn wet milling, it is necessary to: (a) 
break down the endosperm cell walls; (b) liberate the granules from the 
proteinaceous matrix. Because of the relatively large amount of matrix 
in which the granules are held, starch is harder to separate from horny 
than from floury endosperm. This is true regardless of the cell walls 
being appreciably thinner in the horny than in the floury endosperm. 
Thus, where used in wet milling, where starch is the main product, corn 
such as flint with a high percentage of horny endosperm is less desirable 
than dent corn. Low starch and high gluten feed yields result from the 
processing of flint corn. 
Weatherwax (74) points out that the development of the endosperm 
begins almost immediately after fertilization. Randolph (57) observed 
that the developing endosperm passes gradually from the free nucleate to 
the cellular phase, beginning about three and a half days after pollination. 
Cell wall formation is initiated in the region of the endosperm surrounding 
the embryo and progresses in the direction of the antipodal cells. At 
four days, the endosperm ordinarily is completely cellular except in the 
antipodal portion and the middle region previously occupied by a large 
central vacuole becomes filled with cellular endosperm. The external form 
of the endosperm, as pointed out by Randolph (57) changes materially as it 
develops and there is also a tremendous increase in size. The length of 
the mature endosperm is approximately 50 times as great as it is in the 
initial stages, and there is a corresponding increase in width. Weather-
wax (75) and Lampe (48) have suggested that it is probable that basil 
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tissue functions actively in the transfer of nutrients from the vascular 
tissue of the caryopsis to the developing endosperm and embryo. Meri-
stematic activity persists in the subepidermal tissues until about 45 to 
48 days after pollination. The cells in this region remain relatively 
small in comparison with much larger cells in the epidermal or aleurone 
layer and cambium-like rows of cells continue to form as late as 48 days 
after pollination in the anterior and posterior regions of the endosperm. 
In the final stages of endosperm development, these subepidermal cells 
cease their division activity and increase markedly in size. 
During kernel development, changes in carbohydrate content of the 
endosperm occur. Lampe (48) reports finding reducing sugars present 
during the early development in all types of corn. In older kernels, 
polysaturates were found in the distal parts and reducing sugars at the 
the base. As the region containing polysaturates increased, the zone 
containing reducing sugars decreased until at maturity the disappearance 
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sometimes referred to as the milk line or starch line which may be 
observed on the abgerminal side of a corn kernel during maturation. 
d. Embryo Embedded under the lower portion of the endosperm just 
beneath the base of the kernel is the germ or embryo of the corn kernel. 
According to Wolf et al. (77), the germ comprises about 10 to 14 percent 
of the weight of the kernel in the different varieties of corn. The embryo 
may be divided into two parts, the embryonic axis and the scutellum. 
The embryonic axis, according to Wolf et al (77) is made up of those parts 
of the embryo which undergo further growth and development on germination. 
It m^kes up less than 2 percent of the weight of the kernel. The upper 
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portion of the embryo is termed plumule or epicotyl and is composed of 
the embryonic leaves and ensheathing coleoptile. There are short inner 
nodes between the rudimentary leaves and the one between the base of the 
coleoptile and the region of divergence of the scutellum is relatively 
long. This is the first inner node, or as is more commonly called, the 
mesocotyl of the embryonic axis. The mesocotyl rapidly elongates during 
germination and forces the growing shoots through the pericarp. At the 
lower end of the inner node lies the scutellar node, a complex of embryonic 
vascular tissue where bundles from the scutellum, plumule and primary 
roots converge. 
Wolf et al.(77) points out that the scutellum is a feeding organ for 
the germinating embryo. It is much larger than the embryonic axis and 
comprises roughly 10 percent of the weight of the corn kernel. The 
scutellum encases the embryonic axis, leaving only the tip of the 
coleoptile and the tip of the coleorhiza exposed. Except for these 
two small openings, the margins of the overlap the fac£ of 
the kernel. Wolf et al. states that several large provascular bundles 
supplying the scutellum are evident to the naked eye. The upper part of 
the scutellum is supplied by a large strand of embryonic vascular tissue 
extending vertically through the organ. Numerous small branches of 
vascular tissue diverge from this main bundle throughout its length to 
supply the surrounding areas. 
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D. Methods of Evaluating Physical Damage to Corn Kernels 
Numerous references are cited in the literature on methods of evaluating 
physical damage to com kernels. The method outlined by the official grain 
standards of the U. S. Department of Agriculture (71) is most often used. 
It refers most often to the fine portion of broken corn, which along with 
foreign matter, will readily pass through a 12/64 inch round hole sieve. 
Also, any material on top of the sieve that is other than corn falls into 
this category as well. Therefore, it is extremely difficult to evaluate 
true physical damage present in shelled corn and to determine how this 
damage affects the value of the grain according to how it will be utilized. 
Some of the tests for evaluating physical damage in corn require 
discreet examination of individual kernels and although the system may be 
extremely accurate, this type of testing is laborious and time consuming, 
which ultimately results in limited utilization of this type of test. 
Steele (62) evaluated physical damage by using visual inspection to 
evaluate shelling damage. Steele (62). along with Saul (59)- ripfiripd 
mechanical or physical damage as the percent of total weight consisting 
of fine, chipped kernels and kernels with hairline cracks on the seed coat. 
This type of refinement is more inclusive than the procedures used in 
the official grain standards. Many researchers (Ayres and Babcock (7), 
Duncan et al.(22), Fox (28), and Waelti (73) have utilized fast green 
dye to accentuate hairline cracks in the pericarp of the com kernel. 
The dye readily penetrates openings in the pericarp, resulting from 
physical damage and stains the starchy portions of the endosperm. Once 
the dye has been washed from the surface, the stained portions of the kernel 
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provide for easy separation into damaged and undamaged kernels. Some 
of these observers have noted that the tips of the kernels and point of 
silk attachment on the pericarp take up the dye and may be confused with 
true physical damage. Physical damage may range from minor hairline 
cracks to complete breakage of the kernel. Duncan et al.. (22) divided 
the damaged portions into differing severity categories. The most frequent 
categories used have been: 1) broken kernels, which includes less than 
whole kernels and 2) hidden damage, described as kernels with hairline 
cracks. Duncan et al.(22) also observed damage as physical damage whereas 
all damaged kernels with pericarp injuries were placed in one category. 
Thompson and Foster (64) used a 150 watt incandescent light source 
enclosed in a box opening through a small rectangular hole. By position­
ing kernels over the hole, and holding the germinal side toward the light 
source, cracks were easily detected and classified according to various 
patterns. They reported that stress cracks in com induced during drying 
accounted for increased breakage in subsequent handling. Various 
miscellaneous type tests have been utilized by some researchers. The 
Agricultural Marketing Service of the U. S. Dept. of Agriculture as 
reported by Waelti (73) developed a chemical method of damage detection. 
Using an indicator solution of indoxyl acetate ethanol and distilled water, 
they fùuiiù LhaL after emergence of the seed in the solution, that the 
hairline cracked seeds would turn blue when exposed to ammonium hydroxide 
fumes. This method has proven to be unsatisfactory for com and is 
utilized primarily for legume seeds. Kamra (42) used an X-ray contrast 
method to determine physical damage in pine seed. While studying the 
pericarps of corn, Koehler (45) observed that better stands of com 
42 
resulted from kernels selected from hand picked and hand shelled corn 
than from sound kernels selected from commercial com. 
Many seed producers, of course, utilize germination tests as a measure 
of seed quality. 
Boyd et al, (12) working with photoelectric cells attempted to use a 
photoelectric color sorter to correlate germination tests for different 
types of seeds. Kernels with cracked seed coats lack the color contrast 
in the damaged area to be detected by a photocell. Accentuating the 
damage by utilizing dyeing agents resulted in only partial success. 
A method used by some researchers to evaluate the susceptibility of 
a sample being physical damaged is called the breakage test (McGinty (53)). 
This method subjects the com grain sample to impact by rotating impeller 
(1750 RPM) blades in a small container for two minutes and then measuring 
the amount of fine material that will pass through a 12/64 inch round hole 
sieve. The percent breakage is then given as the percentage by weight 
of fine materials produced by the mechanical impact of the impellers. 
McGinty (53) has observed that the test results are sensitive to grain 
moisture content at the time of testing and that a significant lack of 
consistency resulted between different brands of breakage testers. 
Most of these methods of evaluating physical damage to com kernels 
have limitations that prevent their wide spread usage in the grain trade. 
However, many of the methods described could be utilized by different 
segments of the industry to determine the physical damage characteristics 
of importance to them. 
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E. The Quality of Grain Produced and its Effect on Marketing 
The quality of grain produced by the United States corn producer 
involves many factors: varietal selection, cultural practices, size of 
farming operation and planting, harvesting and handling equipment. 
The producer has control over variety selection and may select varieties 
of proper maturity, yield, standability, and other varietal features. 
However, little information is available regarding quality factors that may 
indicate the plumpness, soundness and storability of the grain. Qualita­
tive estimates of maturity ranges and test weight may be available for some 
varieties. No information, however, is available on the susceptibility of 
a given variety to physical damage by the combine cylinder and subsequent 
drying and handling operations. Some factors involved in com grain 
quality may reflect alterations in plans which the producer has little 
control over. Most of these are weather related. Shepherd (60) points 
out that early planted corn in Ohio contained less moisture at harvest 
time and higher test weight values than later planted com. Yields also 
were reduced by delayed planting. Shepherd (60) also pointed out that 
higher nitrogen rates, when combined with acceptable levels of other ele­
ments, hastened maturity of corn resulting in higher grain yields and 
reducing the moisture content. He also noted that larger planting equip­
ment allowed some com producers to plant their entire acreage before May 
10, the point where yields declined rapidly and moisture content of grain 
Increased, along with reduced test weight levels. 
Kiesselbach and Montgomery (43) found that maturation rates of corn 
were affected by the amount of water in the soil. They observed that 
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plants grown under saturation conditions matured 12 days earlier than 
those grown at 35 percent moisture. However, Harris (36) contradicted 
Kiesselbach and Montgomery (43) research by showing that maturity could 
be delayed by excessive moisture. Later, Hutcheson and Wolfe (39) 
observed that the period of most rapid maturation of corn was when the 
soils were kept near 70 percent soil saturation. Alternating wet and 
dry soil conditions resulted in the next most optimum maturation of the 
com plant. 
Several researchers (Appleman and Eaton (5), Bair (10) and Hanna (34)) 
observed that temperature was a factor in the rate of growth and ripening 
of corn. Bair (10) also reported a positive correlation of 0.7 between 
temperature and dry weight accumulation. 
In a crop rotation study, Dumenil and Shaw (20) reported that proper 
amounts of manure and fertilizer hastened maturity of com. However, 
contrary to Shepherd's (60) observation, nitrogen hastened maturation in 
small amounts but delayed maturation when more than SO pounds per acre 
was applied. In Dumenil and Shaw's (20) research, application of phosphate 
resulted in faster maturation of corn than any other type of fertilization. 
If potassium was deficient, an application of this element also hastened 
maturity. 
The effect of environmental conditions on maturation in corn was 
examined thoroughly by Hallauer (33). His work indicated that an average of 
10 percent of the variation in maturation differences between varieties 
could be attributed to environmental effects. Drying rates following 
maturation, of different varieties were examined by Crane etal. (17) and 
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observed that differences in drying rates between varieties were caused 
by differences in pericarp permeability and osmotic diffusion pressure 
of kernels. Such factors as husk length, husks per ear, shank length 
and the length and circumference of the ear were found to have little 
effect on drying rates of corn. Later, Purdy and Crane (55) associated 
thinner and more permeable pericarp with faster drying rates of some corn 
varieties. 
1. The effects of com quality on marketing 
According to the 1972 feed situation report, USDA (68), it is estimated 
that 72 percent of the United States corn crop will be disposed of through 
domestic livestock feeding. Exports will account for 21 percent of the 
1972 crop and food industrial uses and seed will account for the remaining 
7 percent. Although domestic livestock feeding accounts for slightly 
less than 3/4 of the utilization of the corn crop, that portion, 21 per­
cent going to exports and that utilized in food and industrial processing 
largely determines the niarkst pries that is paid fcr mUch of the grain 
sold by producers. It is in these fractions that com grain quality and 
the grade established for it becomes exceedingly important, Anderson (4) 
points out that quality is very important to exporters and importers of 
grain. Losses in quality, even though Invisible in the form of hairline 
cracks in the pericarp that have been sustained at some point during 
handling and storage are passed on to the next owner of the lot of grain. 
Saul and Steele (59) state that if corn is 90 percent to where a grade 
change will occur, the additional change of 10 percent can occur during 
shipment, or in the hands of the next recipient. These types of cumulative 
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losses are especially severe for export corn. Foster (27) points out 
that breakage is often more severe in corn than in most other grains and 
is of primary importance in corn for the export market that will be 
handled many times. Much of the unloading of export vessels is now done 
with pneumatic equipment, which develops high kernel speed and tends to 
shatter kernels that are brittle and contain fine hairline cracks, as 
pointed out by Bailey (9). 
Export of com from the United States has increased significantly in 
the past 40 years. As exports become a larger portion of the disposition 
of the United States corn crop, increased emphasis on quality control will 
be demanded. More emphasis will be placed on variety selection of hybrids 
that will withstand the increased pressures being applied to the com 
kernel from combining, artificial drying, handling and storage operations. 
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III. METHODS AND PROCEDURES 
A. Source of Cultivars and Genotypes Examined 
The source of the corn cultivars came from four fields in t\io different 
districts of the 1971 Iowa Com Yield Test. This test is a function of 
the Iowa Crop Improvement Association and is under the supervision of Mr. 
William Falck. Two of these fields were located in District 2 of the Iowa 
Com Yield Test, one on the John Gregg and Sons farm near Estherville and 
the second on the Elvin Toppin farm near Rudd in northern Iowa. There 
were 56 entries in 1971 at these locations with three replications at each 
of two plant populations, 21,850 and 28,300 plants per acre (planting rate). 
The other two fields were from District 5 in central Iowa, one located on 
the Don Gardner farm near Ogden and the other on the Dick Elijah farm 
near Clarence. There were 81 entries in 1971 at these locations with 
three replications at two plant population levels, 20,200 and 25,850 plants 
per acre (planting rate). In 1971, 9 varieties were common to all four 
locations. 
In 1971 and 1972, data was collected from single crosses of differing 
genotypic backgrounds through the cooperation of the Iowa corn breeding 
group headed by Dr. W. A. Russell at State University. In 1971, 
132 different known pedigree single crosses were evaluated at 3 locations, 
Ames, Clarence and Martinsburg, Iowa. 
Background information for the various sampling locations and years 
is in Table 7 showing relevant information about each of the fieldse. 
Tables 9 and 10 show the June, July and August temperatures, precipita­
tion and annual precipitation near the Iowa corn yield test plot locations 
in 1971 and near the Iowa Experimental Corn Trials plot in 1971 and 1972. 
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Table 7-8. Background information for sample locations 
Dist. or Field No.Varieties Date Date 
Exp. No. No. Location or single crosses Planted Harvested 
1971 1972 1971 1972 1971 1972 
Iowa Corn Yield Test 
2 1 Estherville 56 4/26 10/8 
2 2 Rudd 56 5/6 10/26 
5 1 Ogden 81 5/1 10/21 
5 3 Clarence 81 5/4 10/15 
Iowa Experimental Com Trials 
6 Clarence 132 5/5 10/28 
5 Ames 110 4/24 10/12 
6 Clarence 110 5/19 11/28 
7 Martinsburg 110 5/19 11/28 
Table 9. June, July and August temperatures and precipitation and annual 
precipitation near plot locations, 1971 
Location Temperature (op) Precipitation (in.) 1971 dep. 1971 dep. 
District 2 
Algona (Estherville) 
June 73=? +3.9 6=19 +1=35 
July 69.2 -4.9 2.65 - .66 
August 69.6 -2.3 .69 -3.32 
Annual 28.15 -0.67 
Mason City (Rudd) 
June 73.5 +5.2 7.41 +2.24 
July 68.5 -4.5 1.81 -1.74 
August 69.0 -2.0 1.30 -2.78 
Annual 33.96 +3.97 
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Table 9 continued 
Location Temperature (°F) 
1971 dep. 
Precipitation (in.) 
1971 dep. 
District 5 
Boone (Ogden) 
June 
July 
August 
Annual 
Cedar Rapids (Clarence) 
June 
July 
August 
Annual 
75.2 
69.0 
69.7 
75.7 
70.6 
70.9 
+4.2 
—7.0 
-4.0 
+5.4 
-4.3 
-1.9 
4.34 
3.36 
0.50 
25.51 
6.40 
11.60 
0.71 
40.27 
- .94 
-0.52 
-3.41 
-6.93 
+1.55 
+7.90 
-2.45 
+7.01 
Table 10. 
Location 
June, July and August temperatures and precipitation and annual 
precipitation near plot locations, 1972 
Temperature 
1972 dep. 
Precipitation 
1972 dep. 
Cedar Rapids (Clarence) 
June 
July 
August 
69.4 
73.4 
73.3 
Annual 
Oskaloosa (Martinsburg) 
June 
July 
August 
Annual 
70.8 
75.0 
74.6 
-0.6 
-1.1 
+0.6 
4.92 
5.94 
9.75 
46.49 
2.39 
3.55 
3.35 
36.45 
-2.67 
+0.10 
-0.38 
+2.66 
Ames 
June 
July 
August 
69.4 
72.1 
71.4 
5.13 
4.17 
5.20 
Annual 37.14 
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Table 11. Background information on date of planting study harvested on 
October 5 and October 25, 1973. Galva-Primghar Exp. Farm, 
Sutherland, Iowa 
% Moisture 
Date of Planting 75% Emergence 75% Silked Sept. 14 
April 13 May 10 July 22 40.5 
April 23 May 17 July 23 42.2 
May 5 May 21 July 26 41.5 
May 10 May 22 July 25 43.1 
May 21 June 3 August 2 49.0 
In 1973, a continuing date of planting study conducted by Mr. Ken 
Ross, Farm Superintendent of the Galva-Primghar Experimental Farm was 
utilized to evaluate the effect on com grain quality of two harvesting 
dates from five dates of planting. The field, located on Primghar silty 
clay loam was in alfalfa in 1972. The alfalfa was sprayed with 2,4-D 
the previous fall and 60 pounds of P2O5 was applied to the fields before 
fall plowing. The genotype A619 x A632 was planted on five different 
dates as outlined along with other background information in Table 11. 
The area harvested for yield was 1/196 acre (2 rows x 33 1/3 feet). 
B. Harvesting and Handling Procedures 
Harvesting of the Iowa Corn Yield Test varieties was accomplished with 
a Massey-Ferguson two-row combine (Model 205). Cylinder speed was 432 rpm's 
with a rear concave clearance of 5/8 inches. All varieties in the same 
field were harvested the same day. Moisture content of the grain varied 
with maturity of the variety. 
Harvesting of the Iowa Experimental Corn Trial plots was with a custom 
built plot harvester employing the same type of harvesting mechanism and 
cylinder action found in the (Model No. 602) Ford picker-sheller. Moisture 
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content of the grain varied with the known pedigree single crosses that 
were harvested. 
In 1971 and 1972, sampling of each plot was from the middle of the 
grain "run" of the plot. In the Iowa Com Yield test plots, a moisture 
sample was taken at the time of harvest in the field using a Burrows Safe-
Crop II AC-DC 70-1144 moisture meter which was mounted directly on the 
combine. In 1971 and 1972, at the Iowa Experimental Corn Trials test 
plots, moisture samples were taken and stored in plastic lined bags until 
a reading could be taken in the laboratory by Iowa Corn Breeding personnel. 
In 1973, samples from the date of planting study at the Galva-Primghar 
Experimental farm were hand harvested, and shelled with a John Deere sheller. 
The shelled samples were then handled similarly to other samples examined 
in 1971 and 1972. 
The 6 pound samples collected in all observations were stored in cloth 
bags and taken directly to the laboratory for analysis. 
C. Laboratory Analysis 
The corn grain samples brought to the laboratory in Ames the day of 
harvest were analyzed for several factors. Field moist test weights were 
determined with a Seedburo stationary tester, using a one quart sample 
container using standard procedures. The drop from the base of the funnel 
to the lip of the cup was two inches. An official rounded striker was used 
with a sawing-strike action. 
A 200 kernel sample was also taken using an electronic seed counter. 
This field moisture sample was then used to determine displacement by adding 
the 200 kernels to 100 millimeters of water. 
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Immediately following the test weight and 200 kernel displacement 
analysis on a field moist basis, the samples were placed in a seed com 
dryer at 99° F ± 1° F. Samples were dried to 12% ± 1% moisture. After 
samples were uniformly dried, they were then taken from the dryer to the 
laboratory for dry test weight determination, 200 kernel weight analysis 
and displacement of the 200 kernel sample were run on the 12% moisture 
grain. 
The remainder of the collected sample was then passed through a Garrett 
electric precision divider to assure a uniform subsampling for subsequent 
analysis. A pint subsample was removed for the "breakage" test determina­
tion at the ARS-USDA Grain Marketing Research Laboratory at Manhattan, 
Kansas. This test was conducted on all samples collected in 1971 and all 
samples except Experiment 6 of the Iowa Experimental Corn Trials at 
Clarence, Iowa in 1972. 
The breakage tests were conducted by placing a 100 gram grain sample in 
an enclosed metal concainer equipped with an impeller with blades sec ac 
a 45° angle and operated at 1750 rpm's for 2 minutes. The sample was then 
passed over a 12/64 inch round sieve and fine material and cracked kernels 
passing through the sieve were weighed to calculate the percent breakage. 
This test seems to be very consistent when the samples are subjected to 
the treatment at a constant moisture level. 
A 100 gram subsample was used in the determination of the percent 
physical damage to the grain as a result of the harvesting process. The 
physical damage readings taken in 1971, 1972 and 1973 were determined by 
subjecting the 100 gram subsample to a fast green dye solution and then 
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observing all broken kernels as well as kernels with hairline pericarp 
damage. 
A third subsample containing 600 grams was screened over a 12/64 round 
hole sieve. Material passing through this sieve and material other than 
grain remaining on the screen was recorded as percent foreign material. 
This sample was further broken down into 7 size shape fractions by first 
placing the sample on a series of round screens, starting with a 22/64 
round screen, followed by a 19/64 round screen and next a 16/64 round 
screen and a residual container below. Kernels remaining on top of the 
22/64 round screen were then passed over a set of screens containing 14/64, 
12/64, and 10/64 flat screens. Kernels not passing through the 22/64 
round screen and not passing through the 14/64 flat screen were designated 
large round kernels. Flat kernels from this process passing through the 
14/64 flat screen but not through the 12/64 flat screen were considered 
large flats. Kernels that passed through the 22/64 round screen but did 
not pass through the 19/64 round screen were then processed over the 12/6A 
flat screen and kernels remaining on this screen were considered medium 
round. Those passing through the 12/64 flat screen but remaining on the 
10/64 flat screen were considered medium flats. Kernels passing through 
both the 22/64 round screen and the 19/64 round screen, but not passing 
through the 16/64 round screen were then transferred to a 10/64 flat 
screen. Those not passing through this screen were considered small rounds. 
Those passing through the 10/64 flat screen were considered small flats. 
Kernels passing through all three of the round screens, the 22/64, 19/64 
and 16/64, were considered residual rounds or very small rounds. 
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This breakdown into 7 size shape fractions was performed on each variety 
in the 1971 Iowa Corn Yield test study and for each single cross in the 
1971 and 1972 Iowa Experimental Corn Trials and the date of harvesting 
study at the Sutherland Experimental Farm. The exception was the Clarence 
location in 1972, which was due to insufficient sample size. 
Pericarp thickness measurements at the Martinsburg location (1972) 
were determined by first staining halved corn kernels in an aqueous 
solution of 20% potassium iodide and 1% iodine to allow delineation of the 
non-staining pericarp from the stained endosperm and, secondly, after drying, 
examining eight kernels on the abgerminal side (5 locations) midway between 
the crown and the tip of the kernel to determine the mean pericap thick­
ness. Measurements were determined with an ocular micrometer in microns. 
D, Statistical Analysis 
Computation of all yield conversions to 15^% moisture and all analysis 
of variance calculations for all characters were obtained through the 
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rectangular lattice design was used in the field design of all experiments, 
except the 1973 study. In the 1971 District 2 experiment, a 7 by 8 triple 
rectangular lattice design was used. In District 5, a triple rectangular 
lattice design involving a 9 x 9 was used. In the Iowa Experimental Corn 
Trials at Clarence in 1971, a 11 by 12 triple rectangular lattice design 
was used, whereas in 1972 at the Ames, Clarence and Martinsburg locations, 
a 11 X 10 triple rectangular lattice design was employed. These experi­
ments involving lattice designs were analyzed by the interblock proposed 
by Yates (81). In 1973, a completely randomized block design was used 
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and planting dates were treated as replications. 
Where the lattice design was used, an approximate F-test was made to 
provide a test of significance among entry means. This approximate F-test 
is obtained as the ratio of the adjusted mean square (from the adjusted 
entry totals) to the effective error mean square. In the combined analysis 
of experiments having the lattice design, the randomized block error sums 
of squares were pooled. 
The effective mean square, coefficient of variability (C.V., percentage) 
and the difference necessary for significance (LSD 0.05) were calculated 
for each experiment to provide a measure of the reliability of the means 
for each trait. The formulae used were as follows: 
Effective error mean square 
Rectangular lattice -
rjk-lj jl + (r-1) - Q + k^ - [(r-l)k + (r-1)] 1 + r^(r-l)_ 
•] E = E 
k^ + k-1 e 
Coefficient of variation (C.V., %) 
C.V., % = X 100 
X 
Least significant difference (approximate) 
l.s.d.^ y^  
where : 
E = error mean square X = mean per plot of the 
experiment 
E^ = effective mean square 
r = number of replications 
k = number of plots per 
u and ^ = weighting factors 
block (lattice designs), 
calculated for lattice designs 
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Shown below are the models and tables (12, 13 and 14) of expected 
mean squares for the described experiments. 
Model for the 1971 Clarence single cross experiment: 
M = overall mean 
= replication effect i = 1-3 
®i(j) ~ block effect (j) = 1-12 
= Variety effect k = 1-122 
Eijk = error 
Expected mean squares for the triple rectangular lattice 
design used to evaluate the treatment data for the South 
Central single cross comparisons, Iowa Experimental Corn 
Trials, Clarence, 1971 
Source of Variation d.f. Expected Mean Square 
Replication fa-1) 
Blocks a(b-l) 2 
^e 
+ 2/3(11) 
Varieties (c-1) 2 
^e + 3 0? 
Error (a-1)(c-1) 
e 
where: 
Table 12. 
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Model for District 2, 1971, District 5, 1971 and Ames and Martinsburg, 
1572 combined analysis: 
^ij(k)lm = *+ + Rj + + Aj + (LA)^^ + + \ 
+ av)i„+ (AV)i„+ (LAV);i„ + 
p . = overall mean 
= environmental effects 
= replication effect 
®ij(k) ~ block effect 
i = 1-2 
j = 1-3 
k = 7 (District 2) 
k = 9 (District 5) 
= plant population 
k = 10 (Ames & Martins­
burg) 
1=2 (District 2 & 
District 5) 
1=1 (Ames & Martins­
burg) 
(LA)^^ = environment by population interaction 
ij(k)l = error (a) 
V = varn ofv efferf = 1—SA Tn-î C t"r-I r» h 9^ 
m = 1-81 (District 5) 
m = 1-110 (Ames & Martins­
burg) 
(LV)^^ - environments by variety interaction 
(AV)^^ = populations by environment interaction 
(LAV). ^ = environments by population by varieties 
™ interaction 
®lj(k)lm= error 
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Table 13. Expected mean squares for the triple rectangular lattice 
(combined analysis) design used to evaluate the treatment data 
for District 2 and District 5 of the 1971 Iowa Corn Yield 
Test and the South Central single cross comparisons of the 
Iowa Experimental Corn Trials at Ames and Martinsburg, 1972 
Source of Variation d.f. Expected Mean Square 
Environment 
Replications w/environments 
Populations 
Environment x populations 
Error (a) 
Varieties 
Environments x varieties 
Populations x varieties 
Environments x populations x 
varieties 
Error (b) 
(a-1) 
a(r-l) ' 
(b-1) 
(a-l)(b-l) 
a(r-l)(b-1) 
(c-1) 
(a-1)(c-1) 
(b-1)(c-1) 
(a-1)(b-1)(c-1) 
ab(r-l)(c-1) 
2 2 2 
a  +  c Oj +  r6c a ,  
e Q A  
2 , 2  ^  ^y2 
oe + c 0^  + abck^  
4  + < = 4  *  ''4 + 
+ c d + 'C 
2 , 2 
a  +  c  a ,  
e d 
2 2 2 
a + rb a.„ + rabK^ 
e 
2 
7 
e 
2 
e 
2 
AC 
+ r 'lec + "4c 
+ r a' 
ABC 
Model for the 1973 Sutherland date of planting and date of harvesting 
experiment; 
where: 
Yijk= Ri+ D.+ (RD).. + E:..^ 
U = overall mean 
Rj^ = replications (planting dates) i = 1-5 
D_j = dates of harvesting j = 1,2 
(RD)^j = replication by date of harvesting interaction 
%jk = error 
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Table 14. Expected mean squares for the completely randomized block 
design used to evaluate the Sutherland date of planting 
(replications) and date of harvesting data, 1973 
Source of Variation 
Replication (date of planting) 
Date of harvesting 
Replication x date of harvesting 
Error 
d.f. Expected Mean Square 
(r-1) a ^  + s Qg + ts OQ 
(t-1) + s + rs 
(r-1)(t-1) + s 
rt(s-l) 
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IV. RESULTS AND DISCUSSION 
This study covers the crop years 1971, 1972 and 1973. Variations 
from the results shown may appear when other environments and genotypes 
are sampled. Future observed exceptions to the results reported here 
for dent corn should be referenced to specified genotypes and environ­
ments. 
Under favorable growing conditions, and development to physiological 
maturity, like genotypes can be expected to perform in a predictably 
similar manner. Within the above specified limitations, the results 
reported can be considered valid and useful. 
A. Yield and Harvest Moisture Analysis 
Shown in Tables 55 and 56 are the yields and harvest moisture data 
for District 2 and District 5, respectively of the 1971 Iowa Corn Yield 
Test. 
In District 2, yields at the Estherville location (Table 15) were 
lower due to stress conditions during the growing season. Thus, Lue 
overall average of the two locations of 97.0 bushels per acre is lower 
than would be expected. Yields range from a high of 112.2 bushels per 
acre to a low of 78,8 bushels per acre. Harvest moisture levels range 
from 26.4% moisture to 17.8% moisture and averaged 22.0% for the district. 
A positive correlation (0.41) as shown in Table 59 for District 2 implies 
higher yields were associated with higher harvest moisture levels. Since 
the listherville location experienced a drouthy period, some varieties 
tlmt remained physiologically active yielded more and maintained higher 
harvest moisture levels accounting for the significant positive 
Table 15. Yield, percent moisture at harvest. wet and dry test weight and change in test weight. 
average and range of entrie 3, Iowa Corn Yield Test, District 2, 1971 
Type of Test Esthervill a Estherville Rudd Rudd 
Low Pop. High Pop. Low Pop. High Pop. Combined 
Ave. Yield (bu/a) 79.0 65.0 124.0 120.2 97.0 
Range-entries (bu/a) 56.9-101. 3 40.0-91.4 87.1-143 .5 76.0-144.2 78.8-112.0 
L.S.D.A 25.41 29.90 17.62 19.65 13.08 
C.V. 19.70 28.16 8.70 10.02 14.79 
Ave. % Moisture 20.1 20.9 23.6 23.6 22.0 
Range-entries 15-26 16-27 20-28 20-28 17.8-26.4 
L.S.D.* 2.49 2.80 1.35 1.15 1.33 
C.V. 7.62 8.20 3.52 3.00 5.90 
Ave. Wet T.W. 53.9 53.4 52.7 52.2 53.1 
Range-entries 50-58 50-57 50-56 49-56 49.9-56.7 
L.S.D.* 1.27 1.52 1.04 1.11 0.92 
C.V. 1.44 1.74 1.21 1.30 1.44 
Ave. Dry T.W. 57.0 56.5 56.9 56.2 56.7 
Range-entries 54-60 54-60 54-59 53-59 54.2-59.4 
L.S.D.* 1.05 2.76 1.06 0.94 1.12 
C.V. 1.13 2.99 1.14 1.02 11.85 
Ave. Change T.W. 3.1 3.2 4.2 4.0 3.6 
Range-entries 1.1-4.9 0.9-5.1 3.2-5.2 2.9-4.8 2.2-4.7 
L.S.D.* 1.15 1.11 0.73 0.83 0.73 
C.V. 22.95 21.05 10.59 12.67 16.37 
*At the 0.05 level of probability. 
Table 16. Yield, percent moisture at harvest, harvest wet and dry test weight and change in 
test weight, average and range of entries, Iowa Corn Yield Test, District 5, 1971 
Type of Test Ogden Ogden Clarence Clarence 
Low Pop. High Pop. Low Pop. High Pop. Combined 
Ave. Yield (bu/a) 132.7 123.0 156.0 158,8 142.6 
Range-entries (bu/a) 103.9-162.3 89.1-157.6 116.9-189.6 112.4-193.4 113.4-165.6 
L.S.D.* 22.50 21.04 23.02 24.06 14.29 
C.V. 10.39 10.48 9.04 9.28 9.74 
Ave. % Moisture 19.0 20.4 22.5 23.4 21.6 
Range-entries 16-25 17-27 17-30 17-30 17.3-29.2 
L.S.D.* 1.63 1.88 1.93 1.81 1.63 
C.V. 5.23 5.64 5.02 4.74 5.15 
Ave. Wet T.W. (Ibs/bu) 56.5 56.3 53.6 53.5 55.0 
Range-entries 53-59 53-59 49-59 48-59 51.4-58.3 
L.S.D.* 0.98 0.99 1.22 1.95 1.12 
C.V. 1.07 1.07 1.39 2.23 1.50 
Ave. Dry T.W. (Ibs/bu) 58.7 58.4 56.9 57.4 57.8 
Range-entries 56-61 56-61 53-61 53-61 54.8-60.2 
L.S.D.* 0.82 0.82 1.06 1.13 0.91 
C.V. 0.86 0.86 1.14 1.21 1.02 
Ave. Change T.W.(Ibs/bu ) 2.2 2.1 3.3 3.8 2.8 
Range-entries 1.1—4.0 1.1-4.0 1.5-5.0 2.0-5.0 1.7-4.2 
L.S.D.* 0.87 0.74 0.94 1.11 0.61 
C.V. 24.74 21.69 17.47 17.25 19.93 
*At the 0 . 05  level of probability. 
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Table 17. Yield, percent moisture at harvest, harvest wet and dry test 
weight and change in test weight, average and range of entries. 
South Central single cross comparisons of the Iowa Experimental 
Com Trials 
Type of Test Clarence Exp. 
Ave. Yield (bu/a) 143.0 
Range-entries 104.3-185.: 
L.S.D.* 19.78 
C.V. 13.54 
Ave. % moisture 21.9 
Range-entries 16.8-28.0 
L.S.D.* 1.60 
C.V. 4.48 
Ave. Wet T.W. (Ibs/bu) 54.9 
Range-entries 50.6-60.9 
L.S.D.* 1.15 
C.V. 1.28 
Ave. Dry T.W. (Ibs/bu) 57.4 
Range-entries 53.8-62.6 
L.S.D.* 0.84 
C.V. 0.90 
Ave. Change in T.W. (Ibs/bu) 2.5 
Range-entries 1.2-4.4 
L.S.D.* 0.92 
22 • 48 
*At the 0.05 level of probability. 
correlation which was not observed at other locations. 
In District 5 (Table 16) moisture was not as limiting and yields 
ranging from 165.6 to 113.4 bushels per acre were recorded. The average 
of District 5 in 1971 was 142.6 bushels per acre. The range in harvest 
moisture levels was from 29,2% to 17.3%, averaging 21.6%. 
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To provide a better understanding of corn grain factors and their 
effect on yield, data were taken from the south central single cross 
trials of the Iowa Experimental Corn Trials. These data from Clarence, 
Iowa in 1971 and from Ames, Clarence and Martinsburg, Iowa in 1972, 
using known genotypes, would provide better corn grain quality 
comparisons. 
Data from the 1971 south central single cross trials at Clarence, 
Iowa indicate similar yields and harvest moisture comparisons to the 1971 
District 5 data. Yields (Table 17) range from a high of 185.3 bushels 
per acre to 104.3 bushels per acre and averaged 143.0 bushels per acre 
and compares similarly to the 142.6 bushels per acre reported as a 
District 5 average yield. Moisture levels ranged from 28.0% moisture 
to 16.8% moisture and averaged 21.9% moisture as compared to 21.6% 
moisture reported in District 5 in 1971. 
In Table 58 is the 1972 data for yields and harvest moisture of the 
south central single cross comparisons at Ames and Martinsburg (rnmbined 
analysis). Yields in 1972 (Table 18), were highest at Ames, averaging 
140.5 bushels per acre, intermediate at Clarence averaging 126.6 bushels 
per acre and lowest at Martinsburg, averaging 115.2 bushels per acre. 
The combined Ames and Martinsburg data averaged 127.8 bushels per acre 
and ranged from 59.5 to 165.8 bushels per acre. In 1972, harvest moisture 
levels were highest at Clarence averaging 25.8%, intermediate at Ames VTith 
24.3% and lowest at Martinsburg at 23.6%, The combined analysis (Table 
18) indicates an average moisture content at harvest of 24.0% and 
ranged from 18.4% to 29.4%. 
Table 18. Yield, percent moisture at harvest, wet and dry test weight and change in test weight, 
average and range of entries. South Central single cross comparisons of the Iowa 
Experimental Corn Trials at Ames, Clarence and Martinsburg, Iowa, 1972 
Type of Test Ames Clarence Martinsburg Ames & 
Martinsburg 
combined 
Ave. Yield (bu/a) 140.5 126.6 115.2 127.8 
Range-entries 74.4-177.1 77.6-165.6 44.5-163.8 59.5-165.8 
L.S.D.* 17.75 16.29 18.58 16.14 
C.V. 12.39 12.62 15.81 13.95 
Ave. % Moisture 24.3 25.8 23.6 24.0 
Range-entries 17.4-28.8 19.8-32.0 19.3-30.7 18.4-29.4 
L.S.D.* 1.53 1.75 1.12 1.99 
C.V. 3.85 4.16 2.90 3.39 
Ave. Wet T.W. (lbs) 54.2 52.6 54.9 54.5 
Range-entries 
H
 
00 m
 1 
00 o
 48.5-58.0 51.4-59.0 51.4-58.5 
L.S.D.* 1.12 1.53 1.26 1.43 
C.V. 1.27 1.78 1.41 1.35 
Ave. Dry T.W. (lbs) 58.8 57.0 58.3 58.6 
Range-entries 55.6-63.4 53.0-62.1 53.0-62.9 54.5-63.1 
L.S.D.* 0.87 1.64 0.94 1.42 
C.V. 0.92 1.76 0.98 0.95 
Ave. Change in T.W. (lbs) 4.6 4.4 3.4 4.0 
Range—entries 2.0-6.1 2.1-5.9 1.6-5.2 1.9-5.2 
L.S.D.* 1.00 1.48 1.22 1.19 
C.V. 13.38 20.48 21.81 17. ^8 
*At 0.05 level of probability . 
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Shown in Table 19 are the mean squares and test of significance 
relating to yield, harvest moisture analysis, wet test weight, dry test 
weight and change in test weight at all 1971 and 1972 locations. All 
tests for these sources of variation were highly significant at the 0.01 
level. 
Table 19. Degrees of freedom, mean squares, and tests of significance for 
yield, moisture, dry test weight, wet test weight and change 
in test weight upon drying for Districts 2 and 5 of the 1971 
Iowa Corn Yield Test (combined analysis), the South Central 
single cross comparisons of the Iowa Experimental Corn Trials 
at Clarence (1971), Ames and Martinsburg (combined analysis), 
1972 
Source of Variation d.f. M.S. F Test 
District 2, 1971 
Yield 55 1173.32 4.57** 
Moisture 55 56.89 21.32** 
Dry test weight 55 22.57 12.05** 
Wet test weight 55 36.78 28.83** 
Change in test weight 55 4.87 6.08** 
Treatments x environments 165 
District 5, 1971 
Yield 80 1534.56 5.01** 
Moisture au 64.23 16.18** 
Dry test weight 80 25.80 20.68** 
Wet test weight 80 39.02 20.75** 
Change in test weight 80 4.53 3.12** 
Treatments x environments 240 
South Central single cross trials, Clarence, Iowa, 1971 
Yield 131 343.46 2.34** 
Moisture 131 13.78 14.20** 
Dry test weight 131 7.01 26.05** 
Wet test weight 131 10.30 20.88** 
Change in test weight 131 1.56 4.96** 
Treatments x environments 262 
**At the 0.01 level of probability. 
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Table 19 continued 
Source of Variation d.f. M.S. F Test 
South Central single cross trials, Ames & Martinsburg, 1972 
Yield 
Moisture 
Dry test weight 
Wet test weight 
Change in test weight 
109 
109 
109 
109 
109 
828.78 
21.16 
10.64 
11.04 
1.98 
4.24** 
7.13** 
7.02** 
7.19** 
1.87** 
Treatments x environments 109 
B. Test Weight Analysis 
Test weight (weight per bushel) is one of the USDA grade standards 
(71). Test weight (particularly at harvest moisture levels) as a measure 
of market quality has been questioned in recent years, but no definitive 
research has been done to verify or reject its validity. Based on test 
weight alone, No. 1 com must weigh 56 or more pounds per bushel: There 
is seldom a market price quoted for this grade. No. 2 grade com must 
weigh 54 pounds or more. Market discounts are often applied for grain 
weighing less than 54 pounds per bushel. These discounts vary from 
year to year, and from buyer to buyer. The most common discount is one 
ceuL per pound or a fraction thereof below the 54 pound test weight 
minimum for No. 2 grade corn. No moisture content, or temperature is 
specified for test weight determination. Test weight is usually 
determined on the com grain sample at "received" moisture and tempera­
ture. There is no apparent consensus among either farmers or grain 
buyers about the effect of moisture content of grain on test weight. 
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1. 1971 test weight data 
Tables 15 and 16 show the statistical results obtained from 1644 
samples from District 2 and District 5 of the Iowa Com Yield Test in 
1971. The 1971 combined analysis data are shown in Tables 55 and 56. 
The statistical results from 396 samples from the 1971 south central 
single cross comparisons of the Iowa Experimental Com Trials at 
Clarence, Iowa are shown in Table 17 and the data reported in Table 57. 
Degrees of freedom mean squares and tests of significance are shown in 
Table 19 for dry test weight, wet test weight and change in test weight 
upon drying. 
All varieties were physiologically mature at harvest. The 1971 
data show that wet test weights at harvest are consistently lower 
than dry (12% ± 1%) test weights. This is in agreement with data 
reported by Duncan (21) in a preliminary report prepared for the Iowa 
Development Commission. 
In the 1971 Iowa com yield test comparisons, wefc tesr wpiont? in 
District 5 average 1.9 pounds higher in test weights than the District 
2 location. However, the District 5 combined analysis wet test weight 
of 55.0 pounds (Table 16) compared quite favorably with the 54.9 pounds 
per bushel test weight average for the 1971 south central single cross 
comparisons at Clarence (Table 17). Nearly 66% of the varieties in 
District 2 of the Iowa Com Yield Test would have fallen below 54 pounds, 
the minimum test weight standard for No. 2 corn on a test weight basis. 
When dried to 12% ± 1% moisture, however, all varieties in the District 
2 test would have exceeded the minimum test weight standards for No. 2 
corn. 
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The total range in test weight improvement upon drying among 
varieties in the 1971 Iowa Com Yield Test studies ranged from 2.2 
pounds to 4.7 pounds in District 2 (Table 15) and 1.7 pounds to 4.2 
pounds in District 5 (Table 16). Test weight improvement in the south 
central single crosses at Clarence in 1971 was from 1.2 pounds to 4.4 
pounds (Table 17). The 1971-72 plotted data showing the improvement in 
test weight upon drying plotted against harvest moisture for District 2 
and District 5 and the south central single cross comparisons are shown 
in Figures 2, 3, 4 and 5. 
In 1971, individual variety test weights from District 5 combined 
analysis data (Table 16) indicate a range in test weight from 51.4 pounds 
to 58.3 pounds and on a dry basis from 54.8 pounds to 60.2 pounds. This 
compares to a range on a test weight basis from 50.6 pounds to 60.9 
pounds at the south central single cross comparison sites (Table 17) at 
Clarence. On a dry test weight basis, the range was from a low of 53.8 
pounds to a high of 62.6 pounds in 1971-
In 1971, the northern Iowa test in District 2 (Table 15) indicates 
a range in wet test weight from 49.9 pounds to 56.7 pounds and when dry, 
ranged from 54.2 pounds to 59.4 pounds. No variety in the 1971 test 
failed to meet the No. 2 grade based on dry test weight. This is also 
in agreement with data reported by Duncan (21). On the wet test weight 
basis, however, in District 2 a discount would have been made on two 
thirds of the varieties for failing to meet the 54 pound minimum grain 
standard requirement. In some cases, varieties were up to four pounds 
short of this requirement on a wet test weight basis. 
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Figure 2, Change in test veight upon drying, compared to percent harvest moisture 
of corn grain. Iowa Corn Yield Test, District 2 (combined analysis), 1971 
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Figure 3. Change in test weight upon drying, compared to percent harvest moisture 
of corn grain. Iowa Corn Yield T e s t ,  District 5 (combined analysis), 1971 
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Figure 4. Change in test weight upon drying compared to percent harvest moisture 
of corn grain. South Central single cross comparisons, Iowa Experimental 
Corn Trials, Clarence, Iowa, 1971 
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Figure 5. Change in test weight upon drying compared to percent harvest moisture 
of corn grain. South Central single cross comparisons, Iowa Experimental 
Corn Trials, Ames and Martinsburg (combined analysis), 1972 
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In District 5 in 1971, a white com variety Stull 560W, Table 20, 
had the highest harvest moisture level, 29.2%, and the lowest wet test 
weight level of 51.4 pounds per bushel. In contrast to this, in the 
District 5 comparisons, Middlekoop M300 contained the lowest harvest 
moisture level of 17.3% moisture and had the highest wet test weight of 
58,3 pounds per bushel of any entry. The test weight improvement upon 
drying was 3.9 pounds per bushel for Stull 560W and 1.7 pounds per 
bushel for Middlekoop M300. 
Table 20. Varieties with highest and lowest wet test weights and 
corresponding dry test weight, change in test weight and 
harvest moisture percent. District 5, Iowa Com Yield Test, 
1971 
Variety Wet TW Dry TW Change in TW Harvest 
Ibs/bu Ibs/bu Ibs/bu Moisture % 
Highest 
1. Middlekoop M300 58.3 60.1 1.7 17.3 
2. Cornelius 373X 58.1 59.9 1.8 18.7 
3. Middlekoop M302A 58.1 60.1 2.0 18.2 
4. Hulting X537 57.7 59.4 1.7 17.7 
5. Super Crost S29 57.7 60.2 1.7 17,4 
Lowest 
1. Stull 560W 51.4 55,3 3.9 29.2 
2. Maygold X23 51.6 55.1 3.4 24.3 
3. Pride R728 51.7 55.6 3.9 25.0 
4. Corn King 1155 51.8 54.8 3.1 24.5 
5. Stull 350W 51.9 56.0 4.0 25.2 
Dist. 5 Average 55.0 57.8 2.8 21 5 
In District 2 of the 1971 Iowa Corn Yield Test, Pioneer 3571, 
Table 21, had both the low wet test weight of 49.9 pounds and the low, 
dry test weight upon drying of 54.2 pounds, showing a test weight 
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improvement of 4.4 pounds upon drying and a harvest moisture level of 
25.5%. In contrast, Trojan TXS95, showed the high wet test weight of 
56.7 pounds per bushel and also had the highest dry test weight of 59.4 
pounds per bushel and a test weight improvement upon drying of 2.7 
pounds per bushel at a harvest moisture level of 19.8%. 
Table 21. Varieties with highest and lowest wet test weights and 
corresponding dry test weights, change in test weight and 
harvest moisture percent, District 2, Iowa Com Yield Test, 
1971 
Variety Wet TW Dry TW Change in TW Harvest 
Ibs/bu lbs/bu Ibs/bu Moisture % 
Highest 
1. Trojan TXS95 56.7 59.4 2.7 19.8 
2. Trojan TX99 55.7 58.7 3.0 19.1 
3. ACCO UC2301 55.5 58.4 2.9 19.3 
4. Funks G4252 55.5 58.3 2.8 18.9 
5. PAG SX76 55.4 58.2 2.8 21.1 
Lowest 
1. Pioneer 3571 49.9 54.2 4.4 25.5 
2. A619 X B59 50.3 54.2 4.0 24.7 
*5 "d-îrtr^ oio^ " *3^ 8'? 50.9 55.0 /. _1 22.6 
4. Pioneer X7541 50.9 54^9 4.1 22.6 
5. Coop S-205 51.0 55.3 4.3 25.9 
Dist. 2 Average 53.1 56.7 3.6 22.0 
I , _ .A_ T— — _ ^  . A—  ^  ^1  ^J ,— T ^  — — — — — ^  . _ , I • ^   ^ —? — _ _ m — T— 1 — O  ^M — — T * —^  ill Ulic OUULll CCtlUicli CLUOO UUUtpcll iÎDUU& j iclUiC 6^. , d OXlUiiCtJ. 
situation to District 2 was found in that the high wet test weight 
entry, B65 x (IA2EARSYN1)C2-15 weighed 60.9 pounds per bushel and when 
dried had the highest dry test weight of 62,6 pounds per bushel, showing 
a 1.7 pound per bushel increase in test weight at a harvest moisture level 
of 19.5% moisture. In contrast, M017 x B57 had the lowest wet test weight 
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of 50.6 pounds per bushel and also had the lowest dry test weight of 53.8 
pounds per bushel showing an increase of 3.2 pounds per bushel upon drying 
at a harvest moisture level of 26.4% moisture. A high yielding variety 
in the 1971 south central single cross comparisons, B65 x N28, yielding 
180,1 bushels per acre had the highest increase in test weight upon 
drying of 4.4 pounds per bushel of any entry in the comparisons. 
Table 22. Single crosses with highest and lowest wet test weights and 
corresponding dry test weights, change in test weights and 
harvest moisture percent. South Central single cross 
comparisons, Iowa Experimental Corn Trials, Clarence, Iowa, 1971 
Single Cross Wet TW Dry TW Change in Harvest 
lbs/bu Ibs/bu TW,lbs/bu Moisture % 
Highest 
1. B65 X (IA2EARSYN#1C2)-15 60.9 62.6 1.7 19.5 
2. B65 X (CBS#l)C3-87 59.1 60.8 1.7 18.6 
3. B14A X (IA2EARSYN#1C2)-15 58.5 60.3 1.8 18.8 
4. B65 X N5 58.5 60.2 1.7 19.8 
5. M017 X (IA2EAKSYN#1C2)-15 58.2 61.0 2.8 21.5 
Lowest 
1. M017 X B57 50.6 53.8 3.2 26.4 
2. B37 X B57 50. G 54.0 3.4 55 = 8 
3. M017 X Q97-10-1-2-3-1-1 51.1 54.7 3.6 24.3 
4. B37 X Q67—9—4-4—2—1 51.2 55.4 4.2 27.1 
5. B37 X (SSS)-lll 51.2 54.6 3.4 23.7 
Experiment average 54.9 57.4 2.5 21.9 
Shown in Tables 59, 60 and 61 are significant correlation coefficients 
for wet test weight, dry test weight and change in test weight upon 
drying when compared to other physical quality factors. In District 2, 
dry test weight and wet test weight are both negatively correlated (-0.45) 
and (-0.53), indicating high yielding varieties had lower test weight 
levels on a wet and dry basis. This is further substantiated by the 
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significant positive correlations between yield and change in test 
weight (0.48), shown in District 2, which indicates high yielding 
varieties increased more in test weight upon drying. These correlations 
are probably significant due to the positive correlation between harvest 
moisture and yield resulting from drouthy conditions at the Estherville 
location in 1971. As a result, varieties reaching physiological maturity 
tended to contain higher moisture levels at harvest than varieties that 
died prematurely with lower harvest moisture levels and lower yield 
potential along with lower test weight levels and less change in test 
weight upon drying. These relationships were not observed in District 
5 of the 1971 Iowa Corn Yield Test, nor in the single cross trials of 
the Iowa Experimental Corn Trials in 1971 and 1972. 
As would be expected, there is a strong positive correlation between 
wet test weight and dry test weight in the 1971 test weight analysis. 
In District 2, District 5 and the 1971 Clarence location of the south 
central single cross trials, positive correlation coefficicuta uf 0.92, 
0.95 and 0.92, respectively are shown in Tables 59, 60 and 61, 
Highly significant negative correlations between dry test weight, 
wet test weight and percent harvest moisture can also be shown. In 
District 2, percent harvest moisture is negatively correlated (-0.53) 
with dry test weight and also (-0.76) with wet test weight. In District 
5, the relationship between percent harvest moisture and dry test weight 
and wet test weight is -0.56 and -0.75, respectively. Whereas in the 
1971 south central single cross trials at Clarence, Iowa the negative 
correlation between percent harvest moisture and dry test weight and wet 
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test weight was -0.37 and -0.64, respectively. 
A highly significant positive correlation between percent harvest 
moisture and change in test weight upon drying is also shown in Tables 
59, 60 and 61. For District 2, the correlation is 0.89, for District 5, 
the correlation is 0.90 and for the south central single cross trials 
in 1971 at Clarence, Iowa, the correlation was 0.84 indicating as shown 
in Figures 2, 3 and 4 a strong relationship between increase in test 
weight upon drying and an increase in the value of harvest moisture 
levels. 
The 1971 data at the District 2, District 5 and the south central 
single cross trials also indicates negative correlation between dry test 
weight and the change in test weight upon drying. Values reported 
respectively are -0.41, -0.45, -0.26. These correlation coefficients 
imply that varieties with high final dry test weight have changed less 
in drying than varieties with lower final dry test weights. This same 
relationship can be shewn betwaan vat test weight aim chauge iu LesL 
weight upon drying. Shora in District 2, District 5 and the 1971 south 
central single cross trials at Clarence is a negative correlation of -0.71, 
-0.69, -0.61, respectively, which implies that varieties with high 
initial wet test weights change less in test weight upon drying than 
varieties with low initial wet test weights. 
2. 1972 test weight data 
The statistical results from 990 samples from the 1972 south central 
single cross comparisons of the Iowa Experimental Corn Trials at Ames, 
Clarence, and Martinsburg along with the combined analysis of Ames and 
79 
Martinsburg are shown in Table 18. The 1972 combined analysis data is 
shown in Table 58. Degrees of freedom, experimental mean squares and 
tests of significance are shown in Table 19 for dry test weight, wet 
test weight and change in test weight upon drying for the 1972 data. 
Many similarities between test weight and harvest moisture levels 
shown in the 1971 Iowa Corn Yield test data and the 1971 south central 
single cross comparisons at Clarence, Iowa, may also be observed in 
the combined analysis of the 1972 south central single cross comparisons. 
In the 1972 south central single cross comparisons, Table 23 , B70 x 
(IA2EARSYN//1)C-2-15 had the highest wet test of 58.5 pounds per bushel 
and also had the highest dry test weight of 63.1 pounds per bushel at a 
harvest moisture level of 23.1%. B70 x B57 with the highest harvest 
moisture level, had the lowest dry test weight reading of 54.5 pounds per 
bushel and was within 0.1 pounds of having the lowest wet test weight 
level at 51.5 pounds per bushel. Entry No. 60, B70 x B74, had the highest 
increase in cest weight upon drying of 5.2 pounds per bushel and a high 
harvest moisture level of 26.0%. B14A x Q66-7-4-4-2-1 with the lowest 
harvest moisture level in the test of 18.4% had the lowest increase in 
test weight upon drying of 1.9 pounds per bushel. 
Shown in Table 62 are significant correlation coefficients for the 
1972 south central single cross trials of the Iowa Experimental Corn Trials 
program combined analysis for Ames and Martinsburg, Iowa. Similar 
correlation coefficients were observed for the 1972 data that was reported 
previously for the 1971 data. 
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Table 23. Single crosses with highest and lowest wet test weights and 
corresponding dry test weights, change in test weight and 
harvest moisture percent, South Central single cross 
comparisons, Iowa Experimental Corn Trials, Ames and Martins-
burg, Iowa, combined analysis, 1972 
Single Cross Wet TW Dry TW Change in Harvest 
Ibs/bu Ibs/bu TW,lbs/bu Moisture % 
Highest 
1. B70 X (IA2EARSYN//1C2)-15 58.5 63.1 4.7 23.1 
2. B70 X B75 57.6 61.0 3.4 22.9 
3. B70 X Q66-7-4-4—2—1 57.5 60.5 3.0 21.6 
4. B14A X (IA2EARSYN//1C2)-15 57.3 60,6 3.3 20.4 
5. M017 X (IA2EARSYN//1C2)-15 56.7 61.7 5.1 22.8 
Lowest 
1. B37 X B57 51.4 55.4 4.0 28.9 
2. B70 X B57 51.5 54.5 3.0 29.4 
3. M017 X B57 51.8 55.2 3.4 28.8 
4. M017 X (SYN B)C2-100 51.9 56.6 4.7 26.7 
5. B14A X B57 52.5 56.1 3.6 25.5 
Average 54.5 58.5 4.0 24.0 
There is a strong positive correlation (0.91) shown between dry test 
weight and wet test weight as would be expected. Likewise, significant 
negative correlations are shown between dry test weight and percent 
harvest moisture (-0.47) and wet test weight and percent harvest moisture 
(-0.65). This implies, as was shown in 1971 correlations, that as 
harvest moisture levels increase, wet test weight and dry test weight 
levels are lower. However, as shovm by the positive correlation (0.48) 
between percent harvest moisture and change in test weight upon drying, 
the higher the harvest moisture levels had larger increases in test 
weight upon drying. A negative correlation (-0.26) was found between wet 
test weight and change in test weight upon drying. 
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C. Displacement and 200 Kernel Weight Analysis 
Tables 24, 26, 28 and 31 show the statistical results from District 2 
and 5 of the 1971 Iowa Corn Yield Test, the south central single cross 
comparisons of the Iowa Experimental Com Trials at Clarence, Iowa (1971) 
and the 1972 combined Ames and Martinsburg, Iowa analysis. The 1971-72 
combined analysis data for these locations is shown in Tables 55, 56, 57 
and 58. 
The 1971-72 data show that wet displacement at harvest moisture levels 
is always considerably larger than dry displacement levels taken after the 
samples have been dried to 12% ± 1% moisture. The difference between the 
wet and dry displacement of the 200 kernel sample is the change in dis­
placement and could be considered a shrinkage value. The 200 kernel 
weight value provides an indication of kernel size and density. 
1. 1971 displacement and 200 kernel weight data 
In District 2 of the 1971 Iowa Corn Yield test (Table 24), wet dis-
Dlâcement averaged 147.1 lûl aad ranged from a high of 154.0 ml to p 1nw 
of 141.6 ml. The average dry displacement was 140.2 ml and ranged from a 
high of 145.9 ml to a low of 136.3 ml. Entry A619 x B59 (Table 25) had 
both the highest wet displacement and highest dry displacement, whereas 
SAR SX200 had the lowest wet displacement. Pioneer 3571 had the highest 
change in displacement upon drying of 10.8 ml. This entry also had the 
lowest wet test weight and the lowest dry test weight, and a high change 
in test weight upon drying of 4.4 pounds per bushel (Table 20). This 
corresponds with a harvest moisture level for the entry of 25.5%. In 
contrast, Funks G-4252 had the lowest change in displacement upon drying 
Table 24. Wet and dry displacement and change in displacement and 200 kernel weight, average and 
range of entries, Iowa Corn Yield Test, District 2, 1971 
Type of Test Estherville Estherville Rudd Rudd 
Low Pop. High Pop. Low Pop. High Pop. Combined 
Ave. Wet Disp. (ml) 
Range-entries 
L.S.D.* 
C.V. 
142.2 
134.7-150.9 
7.69 
3.31 
138.9 
131.7-147 
17.69 
7.79 
155.7 
148.8-166.2 
4.40 
1.73 
151.6 
144.4-159.6 
5.10 
2.06 
147.1 
141.6-154.0 
5.11 
4.25 
Ave. Dry Disp, 
Range-entries 
L.S.D.* 
C . V .  
(ml) 135.9 
130.7 
5.83 
2.63 
134.1 
129.1-140 
5.68 
2.59 
146.6 
141.1-150.7 
3.63 
1.52 
144.2 
138.0-152.7 
3.99 
1.69 
140.2 
136.3-145.9 
2.40 
2.16 
Ave. Change Disp. (ml) 6.4 5.7 9.1 7.4 7.2 
Range-entries 2.7-12.7 1.3-10.2 4.1-13.9 1.9-10.9 4.7-10.8 
L.S.D.* 5.86 4.07 4.37 5.06 2.58 
C.V. 55.84 43.49 29.40 42.10 42.35 
Ave. 200 Ki; (gm) 40.4 37.6 52.8 50.2 45.2 
Range-entries 34.7-50.2 31.6-43.9 36.5-60.4 44.1-62.7 39.6-45.2 
L.S.D.* 7.19 6.14 11.22 4.91 3.88 
C.V. 10.90 10.44 13.01 5.98 10.50 
*At the 0.05 level of probability. 
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Table 25. Varieties with highest and lowest wet displacement and 
corresponding dry displacement, change in displacement and 
200 kernel weight, District 2, Iowa Com Yield Test, 1971 
Variety Wet Disp. Dry Disp. Ch. Disp. 200 KW 
ml. ml. ml. gms. 
Highest 
1. A619 X B59 154.0 145.9 8.7 50.1 
2. Trojan TXS 99 153.1 145.9 7.1 54.0 
3. Moews SM229 152.9 143.5 9.5 48.1 
4. A239 X B59 151.8 144.2 7.7 49.2 
5. A619 X R182 151.6 143.6 8.1 49.1 
Lowest 
1. PAG SX76 141.6 136.9 4.9 43.0 
2. Renk R-95 141.7 136.7 5.0 41.7 
3. Thompson 2100 142.4 136.5 5.8 42.2 
4. ACCO UC2301 142.6 137.4 5.1 42.7 
5. F522 X A239 142.8 135.2 7.4 40.0 
Dist. 2 average 147.1 140.2 7.2 45.2 
which corresponded to a low harvest moisture level of 18.9% and high wet 
and dry test weight values (Table 20). In District 2, the average 200 
kernel weight was 45.2 grams and varied from a high of 54.0 grains to a 
low of 39.6 grams. 
In the combined analysis (Table 26) of the District 5, 1971 Iowa 
Corn Yield Test, wet displacement values average 155.0 ml, slightly 
larger than the 147.1 ml in District 2 and ranged from a high of 165.8 ml 
to a low of 145.6 ml. Dry displacement values in District 5 averaged 
148.0 ml as compared to 140.2 ml in District 2. The range in District 5 
for dry displacement was from 155.3 ml to 142.5 ml. Middlekoop LI306 
(Table 27) had both the high wet and high dry displacement, whereas 
Holdings X537 had both the low wet displacement and low dry displacement 
Table 26. Wet and dry displacement ami change in displacement and 200 kernel weight, average and 
range of entries, Iowa Com Yield Test, District 5, 1971 
Type of Test Ogden Ogden Clarence Clarence 
Low Pop. High Pop. Low Pop. High Pop. Combined 
Ave. Wet Disp. (ml) 152.7 149.4 159.5 158.2 155.0 
Range-entries 142.7-164.7 139.3-156.7 151.8-172 148-173.4 145.6-165.8 
L.S.D.* 5.46 4.70 4.71 5.31 3.40 
C.V. 2.19 1.93 1.81 2.06 2.00 
Ave. Dry Disp. (ml) 147.6 .145.7 149.9 149.1 148.0 
Range-entries 140-158 137.1-151.5 142-160.4 143.4-159.8 142.5- 155.3 
L.S.D.* 4.25 4.19 3.76 3.66 2.43 
C.V. 1.76 1.76 1.53 1.50 1.65 
Ave. Change Disp. (ml) 5.2 3.8 9.6 9.2 6.9 
Range-entries 1.6-11.4 0.6—6.7 3.3-18.7 2.7-18.0 3.0-12.5 
L.S.D.* 4.91 4.25 4.77 5.04 2.77 
C.V. 58.35 69.34 30.54 33.50 42.16 
Ave. 200 KW (gms) 56.2 54.0 58.6 57.8 56.6 
Range-entries 46-69 44-61 49-70 51-69 49.6-65.8 
L.S.D.* 5.08 5.04 4.42 4.02 2.90 
C.V. 5.53 5.71 4.61 4.26 5.04 
* 
At the 0.05 level of probability. 
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Table 27. Varieties with highest aiid lowest wet displacement and 
corresponding dry displacement, change in displacement and 
200 kernel weight. District 5, Iowa Com Yield Test, 1971 
Variety Wet Disp. Dry Disp. Ch. Disp. 200 KW 
ml. ml. ml. gms. 
Highest 
1. Middlekoop M306 165.8 155.3 10.8 65.8 
2. McAllisters SX-
6837 164.4 152.1 12.5 61.6 
3. Trojan TXS 119 163.9 153.1 11.4 62.3 
4. Trojan TXS 118 163.0 150.6 12.4 58.1 
5. B14A X B74 163.0 154.6 8.4 63.5 
Lowest 
1. Halting X537 145.6 142.5 3.0 49.7 
2. Super Crost S29 147.7 143.1 4.5 51.7 
3. Stull 620 SX 147.8 142.6 5.1 51.3 
4. Pioneer 3388 148.1 143.5 4.4 51.6 
5. Middlekoop M302A 148.5 142.5 5.9 51.7 
Dist. 5 Average 155.0 148.0 6.9 56.6 
and a corresponding harvest moisture level of 17.7% (Table 21). Middle­
koop M306 had a harvest moisture level of 25.7%. Hulting X537, the low 
T.To ^ H "1 ct> 1 9 r» omQ'n t* or» f* 9 7^ T.Tr»c» a an ^  ^V» nf" V» r* <1 a 
lowest change in test weight upon drying of 1.7 pounds per bushel (Table 
21). This entry also had the lowest change in displacement of 3.0 ml of 
any entry evaluated. The average change in displacement upon drying in 
District 5 was 6.9 ml (Table 26) and ranged from a high of 12.5 ml to the 
low of 3.0 ml. In District 5, the average 200 kernel weight was 56.6 
grams and ranged from a high of 65.8 grams to a low of 49.6 grams. 
Middlekoop's M306 (Table 27) had the highest 200 kernel weight of 65.8 
grams indicating a large kernel size. This entry also had the high wet 
displacement and dry displacement in District 5, 
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In the south central single cross comparison of the 1971 Experimental 
Corn Trials at Clarence, wet displacement (Table 28) averaged 158.9 ml 
which was 3.9 ml higher than the District 5 test at the same location. 
Wet displacement ranged from a high of 172.0 ml to a low of 148.7 ml. 
Dry displacement averaged 151.0 ml and ranged from a high of 161.6 ml to 
a low of 140.5 ml. Change in displacement upon drying averaged 14.6 ml, 
more than double the 6.9 ml averaged in District 5 of the 1971 Iowa corn 
yield test and ranged from a high of 32.1 ml to a low of 6.0 ml. B14A 
PA887P had the highest wet displacement (Table 29)• The Farmers entry had 
the lowest dry displacement of 140,5 and the lowest wet displacement 
of 149.2. 
Table 28. Wet and dry displacement and change in displacement (ml) and 
200 kernel weight (gms), average and range of entries. South 
Central single cross comparisons, Iowa Experimental Corn Trials, 
Clarence, Iowa, 1971 and combined analysis of Ames and Martins-
burg, Iowa, 1972 
Clarence Ames and Martinsburg 
1971 Combined Analysis, 1972 
Mean wet uisplacemeiii: 158.9 16 2.2 
Range-entries 148.7-172.0 147.7-174.7 
l.s.d.* 9.55 5.43 
C.V. 3.68 2.27 
Mean dry displacement 151.0 150.6 
Range-entries 140.5-161.6 140.0-162.0 
l.s.d. 4.35 4.52 
C.V. 1.76 2.05 
Mean change in displacement 14.6 11.7 
Range-entries 6.0-32.1 6.0-17.3 
l.s.d.* 9.97 4.66 
C.V. 41.69 34.18 
Mean 200 K.W. 60.6 60.4 
Range-entries 49.1-74.9 47.8-73.2 
l.s.d.* 3.59 6.33 
C.V. 3.62 8.33 
*At the 0.05 level of probability 
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Table 29. Single crosses with highest and lowest wet displacement and 
corresponding dry displacement, change in displacement and 
200 kernel weight. South Central single cross comparisons, 
Iowa Experimental Com Trials, Clarence, Iowa, IC^l 
Single Cross Wet Disp. Dry Disp. Ch. Disp. 200 KW 
ml. ml. ml. gms. 
Highest 
1. B14A X PA887P 173.3 161.6 21.4 74.9 
2. M017 X PA887P 172.0 154.0 32.1 69.2 
3. B14A X 998-10-1-2-2-1 172.0 155.6 29.8 72.1 
4. B65 X B73 171.8 156.3 27.4 71.9 
5. B14A X N28 171.3 155.9 27.4 66.3 
Lowes t 
1. Farmers Entry 149.2 140.5 15.5 49.1 
2. B37 X (CBS#1)03-87 149.3 144.7 8.3 53.4 
3. B65 X (CBS#l)C3-87 149.4 142.5 11.9 51.7 
4. B37 X  B65 149.6 143.1 11.9 52.0 
5. B65 X  N22A 150.0 142.4 13.1 50.8 
Expt. average 158.9 151.0 14.6 60.6 
The 200 kernel weight analysis showed an average weight of 60.6 grams. 
This raneeH from a high of 7':.9 grass tc a low of 45.1 grams. Tue low 
entry (Farmers Entry) also was the same entry that had the lowest dry 
displacement and the lowest wet displacement. 
Correlation coefficients shown in Tables 59, 60 and 61 indicate 
strong positive correlation of 0.85, 0.92 and 0.81 betvreen wet dis­
placement and dry displacement in 1971 comparisons in District 2, 
District 5 and the Clarence single cross trials, respectively. Wet 
displacement also is positively correlated with change in displacement 
upon drying and is shown to be respectively 0,55, 0.82, and 0.61 for 
District 2, District 5 and the Clarence single cross comparisons in 1971. 
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This indicates that the higher the wet displacement, the greater the 
change in displacement upon drying. There is also a positive correla­
tion between wet displacement and 200 kernel weight, as might be expected, 
since both are an indication of the size of the kernel. Positive 
correlations of 0.68, 0.87, and 0.83 are reported in Tables 59, 60 and 
61 for the respective locations in 1971. An even stronger correlation 
is shown for dry displacement and 200 kernel weight. For District 2, 
District 5 and the Clarence single cross comparisons in 1971, the 
correlations are 0.85, 0.97, and 0.95, respectively between dry displace­
ment and 200 kernel weight. This indicates that the method of measuring 
the size of the kernel by displacement in water closely correlates with 
the value obtained by weighing a 200 kernel sample. 
Wet displacement, dry displacement and change in displacement upon 
drying are all negatively correlated with dry test weight and wet test 
weight, as shown in Tables 59, 60 and 61. This implies that high dis­
placement values and large changes in displaceiuent upon (ïryTno correspond 
with low, dry and wet test weight values. This indicates that larger 
kernel sizes having higher displacement values but more air space between 
kernels result in lower test weight on a wet and dry basis. 
In District 2, correlation coefficients indicate a positive value 
between wet displacement and percent harvest moisture (0.54) as well as 
wet displacement and yield (0.34). Also, in District 2, displacement was 
positively correlated with yield (0.26) and change in displacement was 
positively correlated with percent harvest moisture (0.82) and yield (0.53). 
This indicates a slight yield advantage to genotypes with higher displace­
ment values and that wet displacement and the change in displacement upon 
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drying increase with harvest moisture values. 
In District 2, Table 59, the change in test weight upon drying is 
positively correlated (0.84) with the change in displacement upor 
drying. However, this relationship does not consistently remain the 
same in differing environments. 
In District 5, correlation comparisons, shown in Table 60, wet 
displacement, dry displacement, change in displacement upon drying and 
200 kernel weight are all positively correlated with percent harvest 
moisture. This implies that as indicated in District 2 larger seeded 
genotypes with higher displacement values are associated with higher 
harvest moisture values. Also, larger kernels with a higher 200 kernel 
weight are associated with higher harvest moisture values. 
In District 5, the change in test weight upon drying was positively 
correlated (0.73) with the change in displacement upon drying indicating 
that as the test weight value increased upon drying, so did the increase 
in displacement with drying. 
Both positive and negative correlation values are shown for yield and 
percent harvest moisture correlations in Table 61 for the Clarence 
location in 1971. Negative correlations are shown for the relationship 
between wet displacement and yield (-0.23), for dry displacement (-0.18) 
and percent harvest moisture and for 200 kernel weight (-0.19) and percent 
harvest moisture. A positive correlation between change in displacement 
upon drying (0.38) and percent harvest moisture as shown, which is 
consistent with other observations in District 2 and District 5 but at a 
lower level of significance. 
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A positive correlation between change in test weight upon drying and 
change in displacement of 0.35 is shown which is consistent with the 
other 1971 locations, but at a lower level of significance. 
2. 1972 displacement and 200 kernel weight data 
The 1972 south central single cross combined analysis of the Ames 
and Martinsburg location (Table 28) showed a wet displacement of 162.2 
ml, slightly higher than the 158.9 ml reported in 1971 at Clarence. The 
range was from 174.7 ml to 147.7 ml for the low. Dry displacement 
averaged 150.6 ml similar to the 151.0 ml in 1971 and ranged from a high 
of 162.0 ml to a low of 140.0 ml. B70 x B45 had both the low wet dis­
placement and low dry displacement values (Table 30). B14A x (SSS)C6-5-3 
had the highest wet displacement and was within 1.4 ml of having the 
highest dry displacement. The average change in displacement upon drying 
in 1972 was 11.7 ml (Table 28) and ranged from a high of 17,3 ml to a 
low of 6.0 ml. The average 200 kernel weight in 1972 was 60.4 grams and 
ranged from a high of 73.2 grams to a low of 47.8 grams. B14Â x 'mil? n?/ 
the highest 200 kernel weight and also the highest dry displacement in 
the 1972 comparisons. 
Shown in Table 31 are the degrees of freedom, experimental mean 
squares and tests of significance relating to wet displacement, dry 
displacement, change in displacement and 200 kernel weight. All sources 
of variation show highly significant differences. 
Shown in Table 62 are the significant correlation coefficients for 
wet displacement, dry displacement, change in displacement upon drying 
and 200 kernel weight for the combined analysis of the 1972 south 
central single cross trials of the Iowa Experimental Corn Trials at Ames 
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and Martinsburg. 
Table 30. Single crosses with highest and lowest wet displacement and 
corresponding dry displacement, change in displacemenf and 
200 kernel weight. South Central single cross compariLons, 
Iowa Experimental Corn Trials, Ames and Martinsburg, Iowa, 
combined analysis, 1972 
Single Cross Wet Disp. Dry Disp. Ch. Disp. 200 Kt 
ml. ml. ml. gms, 
Highest 
1. B14A X (SSS)C6-5-3 174.7 160.6 14.0 72.5 
2. B14A X M017 173.3 162.0 11.3 73.2 
3. B14A X Q98-10-1-2-2-1 172.7 158.9 13.7 69.5 
4. M017 X N28 171.0 156.3 14.7 65.3 
5. M017 X Q97-10-1-4-1-1-1 170.7 157.3 13.3 66.7 
Lowest 
1. B70 X B45 147.7 140.0 7.7 65.5 
2. B70 X (CBS#lC4(SSS))-7 148.7 140.0 10.0 47.8 
3. B14A X (CBS#lC4(SSS))-7 150.3 142.4 8.0 50.3 
4. B37 X B45 152.0 145.3 6.7 53.8 
5. B37 X B73 152.3 144.4 8.0 53.8 
Combined Expt. Average 162.2 150.6 11.7 60.4 
THo val O "Î r»C«V»-Î r\ f r> ry* -4 . m, ^  ^ f ^ -.J — — --
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to those indicated in the 1971 analysis shown in Tables 59, 60 and 61. 
Positive correlations are shown between wet displacement, dry displacement, 
change in displacement upon drying and 200 kernel weight. The correlation 
between wet displacement and dry displacement is 0.91 and the correlation 
between 200 kernel weight and dry displacement is 0.91, both comparing quite 
favorably to the correlation coefficients evaluated in ]971. The 
correlation between change in displacement and wet displacement (0.63) and 
200 kernel weight and wet displacement (0.82) also compare quite favorably 
to 1971 data. 
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Table 31. Degrees of freedom, mean squares and tests of significance 
for wet displacement, dry displacement, change in displacement 
upon drying and 200 kernel weight for District 2 and District 
5 of the Iowa Corn Yield Test (combined analysis), the South 
Central single cross comparisons of the Iowa Experimental 
Corn Trials at Clarence, 1971 and Ames and Martinsburg 
(combined analysis), 1972 
Source of Variation d.f, M.S. F Test 
District 2 
Wet displacement 
Dry displacement 
Change in displacement 
200 kernel weight 
Treatments x environments 
55 
55 
55 
55 
165 
139.55 
69.39 
9.96 
22.54 
3.56** 
8.02** 
2.85** 
4.13** 
District 5 
Wet displacement 
Dry displacement 
Change in displacement 
200 kernel weight 
Treatments x environments 
80 
80 
80 
80 
240 
221.55 
101.88 
48.01 
123.17 
South Central single cross comparisons, Clarence, Iowa, 1971 
Wet displacement 131 134.16 
Dry displacement 
Change in displacement 
2Ou kernel weight 
Treatments x environments 
131 
131 
131 
229 
61.85 
77.57 
103.52 
12.80** 
11.52** 
4.18** 
9.77** 
3.92** 
8.71** 
2.08** 
21.43** 
South Central single cross comparisons, Ames and Martinsburg, Iowa,1972 
Wet displacement 109 178.41 8.06** 
Dry displacement 
Change in displacement 
200 kernel weight 
109 
109 
109 
112.94 
31.66 
144.33 
7.36** 
1.94** 
4.80** 
Treatments x environments 109 
**At the 0.01 level of probability. 
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Although at a lower level of significance, similar relationship between 
wet displacement, dry displacement, and change in displacement upon drying 
and dry test weight, wet test weight and change in test weight upon drying 
is shown. Wet displacement is negatively correlated with dry test weight 
(-0.32) and wet test weight (-0.26). Dry displacement is negatively 
correlated with change in test weight upon drying (-0.30). Change in 
displacement is negatively correlated with dry test weight (-0.40), wet 
test weight (-0.51) and change in test weight upon drying (-0.29). The 
latter negative correlation between change in displacement and change in 
test weight upon drying is contrary to 1971 data. 
Wet displacement, dry displacement, change in displacement upon 
drying and 200 kernel weight are all positively correlated with yield 
implying that varieties and single crosses with higher displacement and 
200 kernel weight tend to yield more. 
Dry displacement and 200 kernel weight are shown to be negatively 
ûOiïêlâLêd with OêïCêiit hâïvêât mOiSLUi'ê âiid shOwû lO uè -0.24 âud -0.32. 
respectively. This is in agreement with the south central single cross 
trial comparisons in 1971 at Clarence, Iowa but is in disagreement with 
the 1971 District 2 and District 5 analysis. A positive correlation 
between change in displacement upon drying and percent harvest moisture 
of 0.56 is consistent with 1971 data. 
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D. Grain Damage Analysis 
Three qualitative tests were devised to determine corn grain physical 
quality as it relates to kernel damage. The USDA grade standards (71) 
specify that No. 2 grade corn cannot exceed 3% cracked corn and foreign 
material, 5% total damaged kernels and 0.2% heat damaged kernels along 
with moisture content no higher than 15.5% and a minimum test weight 
of 54 pounds per bushel. 
In the following analysis, data will be presented on percent physical 
damage, percent foreign matter, and percent breakage to corn grain, all of 
which are described in the Materials and Methods section. It should be 
pointed out that the definition of physical damage is different from the 
damage as reported by USDA grade standards. The damage as reported for 
USDA grade requirements include kernels and pieces of kernels of corn which 
are heat damaged, sprouted, frosted, badly ground-damaged, badly weather-
damaged, moldy, diseased or otherwise materially damaged. The corn in 
this study exhibited none of the above mentioned damage characteristics 
and is thus of no consequence in present official grade determinations. 
The physical damage determination in this study includes all corn kernels 
which exhibit visual damage such as broken and cracked kernels, pericarp 
cracks and all of the grain standard descriptions of damage (of which there 
was none in this study). Supporting data are in Tables 55, 56, 57 and 58. 
1. Physical damage data 
Shown in Table 32 are the tests of significance for percent physical 
damage in District 2 and District 5 of the 1971 Iowa Corn Yield Test, the 
1971 South Central single cross comparisons of the Iowa Experimental Corn 
Trials at Clarence, Iowa and the 1972 combined analysis of the South Central 
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Table 32. Degrees of freedom, mean squares, and tests of significance for 
percent physical damage, percent foreign matter and percent 
breakage for District 2 and District 5, Iowa Corn Yield Test, 
1971, South Central single cross comparisons of the Iowa 
Experimental Corn Trials at Clarence, Iowa, 1971 and Ames and 
Martinsburg, Iowa (combined analysis), 1972 
Source of Variation 
District 2 
d.f. M.S. F Test 
Percent physical damage 
Percent foreign matter 
Percent breakage 
Treatments x environments 
55 
55 
55 
165 
12.94 
0.70 
1.53 
8.51** 
3.36** 
1.43** 
District 5 
Percent physical damage 
Percent foreign matter 
Percent breakage 
80 
80 
80 
17.01 
0.13 
1.16 
5.56** 
3.12** 
1.63** 
Treatments x environments 240 
South Central single cross trials, Clarence, Iowa, 1971 
Percent physical damage 131 44.17 4.66** 
Percent breakage 131 2.39 3.91** 
Treatments x environments 229 
Smif h for* frai c-î-nrrT Ct r»tt>00  ^ <4  ^  ^-t ^  ^  Vk . m ^  T O T O  
..w A AC* ^  t. Alio L»  ^^  f C. 
Percent physical damage 
Percent foreign matter 
Percent breakage 
109 
109 
109 
50.55 
0.46 
5.33 
4.33** 
5.08** 
1.96** 
Treatments x environments 109 
**At the 0.01 level of probability. 
single cross comparisons at Ames and Martinsburg. All of these locations 
show a highly significant F test, indicating large differences between the 
genotypes tested. 
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Data from District 2 of the 1971 Iowa Corn Yield Test analysis show 
a mean combined physical damage of 17.5%. As reported in Table 33, 
percent physical damage readings range from a low of 12.6% at the 
Estherville high population location to a high of 20.7% at the Rudd low 
population location. Within the district (combined analysis) percent 
physical damage ranged from a low of 13.2% to a high of 26.7%. 
Table 33. Percent corn grain physical damage, percent foreign matter, 
percent breakage. District 2, Iowa Corn Yield Test, 1971 
Type of Test Estherville Estherville Rudd Rudd 
Low Pop. High Pop. Low Pop. High Pop. Combinée 
Ave. % F.M. 1.1 1.1 0.9 1.0 1.2 
Range-entries 0.7-2.0 0.6-1.7 0.5-3.9 0.6-1.7 0.7-1.5 
L.S.D.* 0.35 0.41 1.03 0.35 0.32 
C.V. 20.43 22.11 71.46 21.24 36.47 
Ave. % Phys. Dam. 18.6 12.6 20.7 17.9 17.5 
Range-entries 12.6-29.9 6.7-21.1 14.2-27.9 12.3-24.7 13,2-26.7 
L.S.D.* 4.60 4.19 5.02 4.59 2.94 
C.V. 15.11 20.40 14.85 15.68 16.17 
Ave. % Breakage 3.52 5.32 4.42 
RanKe-entries 1.8—G. 3 1 CD
 
2.5-^5,9 
L.S.D.* 1.49 2.16 1.43 
C.V. 25.94 24.93 25.76 
*At 0.05 level of probability. 
In District 5 of the 1971 Iowa Corn Yield Test, mean percent physical 
damage readings of the combined analysis was 18.3% (Table 34) compared to 
17.5% as reported in District 2. Less variation between locations is 
shown in District 5 as compared to District 2. The average percent physi­
cal damage ranged from a low of 16.0% at the Clarence high population 
location to a high of 21.8% at the Clarence low population location, and 
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ranged from a low of 12.6% physical damage to a high of 26.5% physical 
damage. 
Table 34. Percent corn grain physical damage, percent foreign matter, 
percent breakage, District 5, Iowa Corn Yield Test, 1971 
Type of Test Ogden 
Low Pop. 
Ogden 
High Pop. 
Clarence 
Low Pop. 
Clarence 
High Pop. Combined 
Ave. % F.M. 1.0 0.9 1.0 1.0 1. 0 
Range-entries 0.6-1.6 0.6-1.5 0.5-2.4 0.5-2.6 0.6 -1.4 
L.S.D.* 0.47 0.27 0.47 0.74 0. 30 
C.V. 28.34 17.84 28.69 44.62 31. 72 
Ave. % Phys.Dam. 18.4 17.2 21.8 16.0 18. 3 
Range-entries 13-27 12-25 15-34 9-30 12.6 -26.5 
L.S.D.* 4.98 4.66 5.62 4.76 3. 37 
C.V. 16.61 16.63 15.56 18.21 16. 76 
Ave. % Breakage 3.98 3.72 3. 85 
Range-entries 1.8-6.1 1.9-7.4 1.0-2.8 
L.S.D.* 1.34 1.57 0. 88 
C.V. 20.68 25.86 46. 21 
*At 0.05 level of probability. 
The average percent physical damage in 1971 (Tables 33 and 34) was 
shown to be higher at low population levels than at high population levels. 
In District 2 (Table 33) percent physical damage was 6% higher, at the 
Estherville low population location and 2.8% higher at the Rudd low 
population location than the high population at each location. In District 
5, the percent physical damage was 1.2% higher at Ogden, and 5.8% higher 
at Clarence for the low population when comparing low and high population. 
Shown in Table 35 is the percent physical damage to grain for the 
South Central single cross comparisons at Clarence, Iowa in 1971, at Ames 
and Martinsburg in 1972 and the 1972. combined analyses. At Clarence in 
1971, the mean physical damage was 18.2% and compares quite favorably to 
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the 18.3% mean physical damage at the District 5 Iowa Com Yield Test 
locations in 1971, and is similar to the 17,5% mean physical damage 
reading shown for District 2 of the Iowa Com Yield Test. The range in 
damage at the 1971 Clarence location was from 9.8% to 34.0% and also 
compares quite favorably with the damage shown at the Clarence location 
in District 5 of the Iowa Com Yield Test as shown in Table 34. 
Table 35. Percent corn grain physical damage, percent foreign matter and 
percent breakage. South Central single cross comparisons of 
the Iowa Experimental Com Trials, Clarence, Iowa, 1971, Ames 
and Martinsburg (combined analysis), 1972 
Type of Test Clarence Ames Martinsburg Combxneci 
1971 1972 1972 1972 
Ave. % P.M. 1.2 0.7 0.9 
Range-entries ——— 0.5-2.3 0.3-1.5 0.4-1.7 
L.S.D.* 0.46 0.28 0.35 
C.V. — — 23.98 24.46 24.88 
Ave. % Phys. Dam. 18.2 14.9 14.4 14.7 
Range-entries 9.8-34.0 7.9-25.1 6.1-23.6 7.3-20.7 
L.S.D.* 5.03 5.02 5.28 3.94 
C.V. 16.91 20.60 22.41 21.49 
Ave. % Breakage 3.6 2.7 3.3 3.0 
Range-entries 1.5-6.1 0.8-5.2 0.8-8.9 0.9-6.0 
L.S.D.* 1.27 1.21 1.60 1.91 
C.V. 21.66 27.16 29.89 29.19 
*At 0.05 level of probability. 
The 1972 Ames, Martinsburg and the combined analyses indicate some­
what lower percent physical damage means. The 1972 combined analysis 
shows a mean physical damage level of 14.7% and ranges from 14.4% at the 
Martinsburg location to 14.9% at the Ames location in 1972. The combined 
analysis shows a range of 7.3% to 20.7% physical damage with a slightly 
lower minimum and greatly lowered maximum physical damage readings. 
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2. Foreign matter data 
In this study, foreign material was considered any material passing 
through a 12/64 inch round hole screen, plus any material not grain held 
on the screen and is the same analysis described in the USDA grain 
standards procedure (71). 
Shown in Table 32 are the test of significance for percent foreign 
matter in District 2 and District 5 of the 1971 Iowa Corn Yield Test 
and the 1972 South Central single cross comparisons of the Iowa Experi­
mental Corn Trials at Ames and Martinsburg and the combined analysis. 
The F tests show highly significant differences between varieties and 
genotypes tested and percent foreign material. 
Shown in Table 33 is the mean percent foreign matter at 1.2% for 
District 2, (combined analysis). The range of mean percent foreign 
matter readings in District 2 was from 0.9% to 1.1%. Individual entries 
range from a low of 0.7% to a high of 1.5%. In District 5 of the 1971 
Iowa Corn Yield Test, as shown in Table 34^ the mean foreign matter 
reading was 1.0% in the combined analysis. The range in mean percent 
foreign matter by location showed a range of 0.9% to 1.0%. Individual 
entries ranged from a low of 0.6% to a high of 1.4% in the combined 
analysis. 
The 1972 combined analysis of the South Central single cross trials 
in Table 35 indicates a mean foreign matter of 0.9% with a low of 0.7% at 
Martinsburg to a high of 1.2% foreign matter at Ames in 1972. The range 
in the combined analysis was from 0.4% to 1.7% foreign matter. 
Correlr-uion coefficients shown in Tables 59, 60 and 62 indicate a 
positive correlation between percent foreign matter and percent physical 
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damage. In District 2 of the 1971 Iowa Corn Yield Test, the correlation 
was 0.60 and in District 5 was shown to be 0.62. In the 1972 combined 
analysis of the South Central single cross trials of the Iowa corn 
breeders, the correlation was not quite as strong at 0.47. This indicates 
that percent foreign matter and percent physical damage are related and 
tend to increase in a predictable manner. 
3. Breakage test data 
The Stein breakage test, as described in the Materials and Methods 
section, is thought to be a method of determining the potential 
susceptibility to breakage of corn samples and data collected are shown in 
Tables 55, 56, 57 and 58. 
Shown in Table 31 are the tests of significance of the percent breakage 
for District 2 and District 5 of the 1971 Iowa Corn Yield Test, the south 
central single cross comparisons of the Iowa Experimental Corn Trials at 
Clarence, Iowa in 1971 and at Ames and Martinsburg (combined analysis) for 
1972. A significant difference In percent breakage is shown for District 2 
in 1971, whereas highly significant differences in percent breakage are 
shown by the remainder of the tests. 
The combined analysis of the District 2, 1971 Iowa Corn Yield Test 
shows a mean percentage breakage of 4.42% as indicated in Table 33. The 
mean percent breakage for the high population at Estherville was lowest 
at 3.52% whereas the mean percent breakage for the high population at Rudd 
was highest at 5.32%. The range in District 2 in 1971 was from 2.5 to 6.9%. 
Shown in Table 34 are the mean percent breakage data for District 5 of 
the 1971 Iowa Corn Yield Test, indicating a mean percentage breakage in the 
combined analysis of 3.85%. The range in breakage was less in District 5, 
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ranging from 3.72% at the Clarence high population site to 3.98% at the 
Ogden high population site. Range of individual entries was from 1.0% to 
2.8% breakage in the combined analysis. 
Shown in Table 35 is the mean percentage breakage at the 1971 south 
central single cross trials at Clarence, Iowa and indicates a percent 
breakage of 3.6% which is comparable to the 3.72% shown at the same 
location in District 5 of the 1971 Iowa Corn Yield Test shown in Table 34. 
The range of entries was from 1.5% to 6.1% breakage. 
Also shown in Table 35 is the mean percent breakage for the Ames, 
Martinsburg and the combined analysis of the 1972 south central single 
cross comparisons. The combined analysis indicates a mean percent 
breakage of 3.0% and ranged from 2.7% breakage at Ames to 3.3% breakage 
at Martinsburg in 1972. The mean values for percent breakage are lower 
in 1972 than in 1971, as was also true for percent physical damage and 
percent foreign matter. The range in breakage in the combined analysis 
for 1972 wap from 0.9% to 6.U% breakage. 
Correlation analysis shown in Tables 59, 60 and 61 indicate positive 
trends for percent breakage with percent foreign matter and percent 
physical damage. In District 2 and District 5 of the 1971 Iowa Corn Yield 
Test, the correlations between percent breakage and percent physical 
damage was 0.69 and 0.68, respectively. In the 1971 south central single 
cross comparisons at Clarence, Iowa, the correlation between percent 
breakage and percent physical damage was slightly lower at 0.49. However, 
in the 1972 trials at Ames and Martinsburg, the combined analysis shows a 
0.64 correlation between percent breakage and percent physical damage, 
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comparing quite favorably to the 0.69 shown in District 2 in 3971, and 
the 0.68 shown in District 5 in 1971. 
Percent breakage also is positively correlated with percent foreign 
matter showing in District 2 of 1971 a correlation of 0.75. In District 
5 of the 1971 tests, percent breakage was correlated with percent foreign 
matter at a level of 0.64. 1972 data from the combined analysis of the 
south central single cross comparisons indicate a positive correlation 
between percent breakage and percent foreign matter of 0.58 which is similar 
but lower than reported in District 2 and District 5 in 1971 tests. 
Further correlation analysis also indicates a significant, though 
small, negative correlation between dry and wet test weight and the three 
quality factors, percent physical damage, percent foreign matter and 
percent breakage. No significant correlation was found for District 2 in 
1971. In District 5 of the 1971 Iowa Corn Yield Test, data (Table 60) 
indicate a significant negative correlation between dry test weight and 
pejLuèuL loLéigH luaLLei., pèiceuc breakage and percent physical damage ui 
-0.40; -0.56; and -0.47, respectively. On a wet test weight basis, negative 
correlations of -0.32, -0.52, -0.38 were found for percent foreign matter, 
percent breakage and percent physical damage, respectively. 
In the 1971 south central single cross comparisons at Clarence, a 
similar relationship was found. Dry test weight was negatively correlated 
with percent physical damage and percent breakage at the levels of -0.23 
and -0.38, respectively. On a wet test weight basis, the coefficients 
were -0.27, -0.44 for percent physical damage and percent breakage, 
respectively. 
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In the 1972 combined analysis of the south central single cross trials, 
a similar correlation was also found. Dry test weight was negatively 
correlated with percent physical damage, percent foreign matter and percent 
breakage at levels of -0.30, -0.22, -0.40, respectively. On a wet test 
weight basis, negative correlations of -0.21, -0.29 and -0.39 for percent 
physical damage, percent foreign matter and percent breakage were indicated. 
The above correlation analysis between test weight and the physical 
quality factors of percent physical damage, percent foreign matter and 
percent breakage indicates that sound kernels with high test weights tend 
to be lower in percent physical damage, have less foreign matter and are 
less susceptible to breakage. 
Correlation analysis as shown in Tables 60, 61 and 62 indicates 
positive correlation between harvest moisture percentage and percent 
breakage. In District 5 of the 1971 Iowa Corn Yield Test, the correlation 
was 0.33. In the 1971 south central single cross trials, the correlation 
bfttween harvest moisture percentage and percent breakage was 0.46. In 
1972, the combined analysis of the south central single cross trials, the 
correlation between harvest moisture percentage and percent breakage was 
0.54. This positive correlation would indicate that as harvest moisture 
levels increase, the susceptibility to higher breakage levels increase 
also. 
Also shown in Table 62 is a positive correlation of 0.43 between 
harvest moisture percentage and percent foreign matter for the 1972 
combined analysis of the south central single cross trials. This trend 
was not shown in any of the other tests at a significant level. 
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Shown in Tables 61 and 62 is the positive correlation relationship 
between harvest moisture percentage and percent physical damage. 
Although significant, the correlation between these two factors is quite 
low and is shown to be at 0.18 in the 1971 south central single cross 
comparisons at Clarence, and 0.24 in the combined analysis of the 1972 
south central single cross comparisons at Ames and Martinsburg. The 
positive correlation between these three physical quality factors would 
indicate that at higher harvest moisture levels, more physical damage 
will result, there will be a higher percentage of foreign matter, and 
a higher percent breakage. 
Correlation analysis as shown in Tables 59, 60, 61 and 62 between 
wet displacement, dry displacement and change in displacement upon drying 
to percent foreign matter, percent breakage and percent physical damage 
do not show consistent relationship and may reflect differences in kernel 
size and shape. In District 2 and District 5 of the 1971 Iowa Corn Yield 
Test, several significant posiLive correlations are sbovm between these 
factors. However, in the 1971 south central single cross trials at 
Clarence, no significant correlations are indicated, but in the 1972 
south central single cross trials, combined analysis of Ames and 
Martinsburg, significant negative correlations are shown for percent 
foreign matter and wet displacement and dry displacement, whereas other 
correlation relationships are insignificant, except for a positive 0.32 
correlation between percent breakage and change in displacement upon 
drying. Similar analogies can be shown for the relationship between 200 
kernel weight and percent foreign matter, percent breakage and percent 
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physical damage. Significant correlations between 200 kernel weight and 
percent breakage and percent physical damage are showrn in District 2 
and District 5 of the 1971 Iowa Com Yield Test. A significant negative 
correlation between percent foreign matter and 200 kernel weight is shown 
in the 1972 combined aialysis of the south central single cross trials 
from Ames and Martinsburg. Thus, no definite conclusion can be drawn. 
E. Pericarp Thickness Analysis 
As described in the Materials and Methods section, one location from 
the 1972 south central single cross comparisons of the Iowa Experimental 
Corn Trials was analyzed to determine pericarp thickness of the individual 
entries. This data from the Martinsburg location are reported in Table 36. 
Pericarp thickness was determined using an iodine staining technique and 
measured with an ocular micrometer. The average thickness was determined 
to be 91 microns and ranged from a minimum value of 63.6 microns to a maxi­
mum value of 112.0 microns. Since pericarp thickness is a maternal 
characteristic and the particular single crosses were bulk produced, the 
particular parentage cannot be determined. Thus, no comment can be made 
concerning the effect of inbred lines and the thickness of pericarp that 
may have resulted from the cross. Therefore, correlations between other 
+••«•/ -P »"» /n -V -Î VMTX ^  -v"  ^
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Shown in Table 37 is the test of significance for pericarp thickness 
at the 1972 Martinsburg location. The test indicates a highly significant 
difference among single crosses at the Martinsburg location. However, 
correlation analysis from Table 62 indicates very low correlation with 
various physical quality characteristics. At the 0.05 level, pericarp 
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Table 36. Adjusted treatment means, pericarp thickness, South Central 
single cross comparison trials, Iowa Experimental Corn Trials, 
Martinsburg, Iowa, 1972 
Entry Name No. Pericarp 
thickness (u) 
B14A X B37 1 98.4 
BIAA X B45 2 94.7 
B14A X B54 3 102.5 
B14A X B57 4 104.2 
B14A X B70 5 95.8 
B14A X B73 6 95.7 
B14A X B74 7 112.0 
B14A X B75 8 91.8 
B14A X M017 9 104.6 
B14A X n7a 10 91.8 
B14A X N7B 11 94.5 
B14A X N28 12 87.0 
B14A X PA887P 13 98.4 
B14A X (C131AXB37)-1 14 63.6 
B14A X (C131AXB37)-20 15 95.3 
B14A X Q51-3-2-1-2-1 16 99.3 
B14A X Q66-7—4—4-2-1 17 103.0 
B14A X Q97-10-1-4-1-1 18 105.1 
B14A X Q98-10-1-2-2-1 19 106.6 
R14A X 098-10-1-2-3-1-1 20 72.7 
B14A X Q98-10-1-4-1-1-1 21 91.6 
B14A X (IA2EARSYN//1)C2-15 22 93.0 
B14A X (IA2EARSYN#l)C2-27 23 87.5 
B14A X (CH5//lC4(SS3))-7 24 92.1 
B14A X (SYNB)C2-100 25 95.9 
B14A X (SSS)C6-5-3 26 86.9 
B14A X Midland-125 27 88.0 
B37 X B45 28 85.8 
B37 X B54 29 98.3 
B37 X B57 30 94.9 
B37 X B68 31 105.3 
B37 X B70 32 90.9 
B37 X B73 33 103.6 
B37 X B74 34 83.5 
B37 X B75 35 96.7 
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Table 36 continued 
Entry Name No. Pericarp 
thickness (u) 
B37 X M017 36 82.1 
B37 X N7A 37 80.6 
B37 X N7B 38 92.2 
B37 X N28 39 92.1 
B37 X CH514 40 103.5 
B37 X PA887P 41 93.1 
B37 X B14-2EARSYN 42 98.1 
B37 X Q51-3-2-1-2-1 43 86.4 
B37 X Q66-7—4-4-2-1 44 100.5 
B37 X Q97-10-1-4-1-1-1 45 103.8 
B37 X Q98-10-1-2-2-1 46 94.7 
B37 X Q98—10—1-2-3-1-1 47 78.8 
B37 X Q98-10-1-4-1-1-1 48 89.3 
B37 X (IA2EARSYN#1)C2-15 49 86.6 
B37 X (IA2EARSYN#l)C2-27 50 88.0 
B37 X (CHS#lC4(SSS))-7 51 84.7 
B37 X (SYNB)C2-100 52 91.2 
B37 X (SSS)C6-5-3 53 92.4 
B37 X Midland-125 54 94.3 
B70 X B45 55 85.9 
B70 X 854 56 90.9 
B70 X B57 57 90.7 
B7G X B68 58 96.9 
B70 X B73 59 75.7 
B70 X B74 60 91.9 
B70 X B75 61 81.9 
B70 X N7A 62 88.9 
B70 X N7B 63 81.7 
B70 X N28 64 86.8 
B70 X CH514 65 90.9 
B70 X PA887P 66 85.4 
B70 X (C131AXB37)-1 67 68.1 
B70 X (C131AXB37)-20 68 95.5 
B70 X B14-2EARSYN 69 93.2 
B70 X Q51-3-2-1-2-1 70 82.6 
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Table 36 continued 
Entry Name No. Pericarp 
thickness (u) 
B70 X Q66—7-4-4—2-1 71 96.0 
B70 X Q9 7-10-1-4-1-1-1 72 96.0 
B70 X Q98-10-1-2-2-1 73 89.6 
B70 X Q98-10-1-2-3-1-1 74 94.5 
B70 X Q98-10-1-4-1-1-1 75 85.6 
B70 X (IA2EARSYN//1)C2-15 76 77.9 
B70 X (IA2EARSYN//l)C2-27 77 74.5 
B70 X (CHS#lC4(SSS))-7 78 88.5 
B70 X (SYNB)C2-100 79 94.1 
B70 X (SSS)C6-5-3 80 96.3 
B7Û X Midland-125 81 78.9 
M017 X B45 82 92.6 
M017 X B54 83 88.6 
M017 X B57 84 70.6 
M017 X B68 85 106.3 
M017 X B73 86 94.3 
M017 X B74 87 105.0 
M017 X B75 88 98.6 
M017 X N7A 89 89.1 
M017 X N7B 90 70.3 
M017 X N28 91 85.8 
M017 X CH514 92 109.0 
M017 X PA887P 93 88.1 
M017 X (C131AXB37)-1 94 72.1 
M017 X (C131AXB37)-20 95 77.8 
M017 X B14-2EARSYN 96 90.1 
M017 X Q51-3—2-1—2—1 97 90.8 
M017 X Q66-7-4-4-2-1 98 83.7 
M017 X Q97—10—1-4-1-1-1 99 102.0 
M017 X Q98-10-1-2-2-1 100 97.6 
M017 X Q98-1C-1-2-3-1-1 101 101.9 
M017 X Q98-10-1-A-1-1-1 102 96.5 
M017 X (IA2EARSYN//1)C2-15 103 85.2 
M017 X (IA2EARSYN//l)C2-27 104 80.6 
M017 X (CBS#lC4(SSS))-7 105 64.7 
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Table 36 continued 
Entry Name Np. Pericarp 
thickness (u) 
M017 X (SYNB)C2-100 106 88.6 
M017 X (SSS)C6-5-3 107 99.7 
M017 X Midland-125 108 77.4 
B14 X Alpho 5 109 101.0 
Fanners Entry 110 99.5 
Average 91.0 
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thickness is positively correlated (0.19) with small round kernels. 
Also, pericarp thickness is negatively correlated (-0.23) with small, flat 
kernels. None of the other characteristics showed significant correla­
tions with pericarp thickness and it can be concluded from these 
observations that pericarp thickness within the ranges evaluated have 
little effect on percent physical damage, percent foreign matter and 
percent breakage. 
Table 37. Degrees of freedom, mean square and test of significance for 
pericarp thickness. South Central single cross comparison 
trials, Iowa Experimental Corn Trials, Martinsburg, Iowa, 1972 
Source of Variation d.f. M.S. F Test 
Treatments 109 280.06 4.61** 
Treatments x environments 188 
**At 0.01 level of probability 
Quality Index 
The objective of this study was to assemble the major quality 
determinants for each variety or genotype into an integrated empirical 
index to compare the potential quality of the corn grain. The determinants 
used were physical quality factors; percent physical damage, percent 
breakage, and percent foreign matter. Also, dry test weight was included 
since it is often negatively correlated with the above physical quality 
factors and thus it was employed in the empirical index in an inverse 
relationship. The index is determined using the following formula: 
100 (a • % P.M.) + % P.D. + (b • % B) 
QI _ 150 Erlw: 
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where QI = quality index; a = constant (determined by dividing the average 
percent physical damage by percent foreign matter); percent F.M. = percent 
foreign material; percent P.D. = percent physical damage; b = constant 
(determined by dividing the average percent physical damage by the percent 
breakage); percent B = percent breakage; D.T.W. = dry test weight. 
The quality index was determined for District 2 and District 5 of the 
1971 Iowa Corn Yield Test for the south central single cross trials of 
the Iowa Experimental Corn Trials at Clarence in 1971 and for the combined 
analysis of the Ames and Martinsburg data in 1972. 
In District 2, the values of the constant "a" and "b" are 17.5 and 3.96 
while in District 5 they are 18.3 and 4.75, respectively. In 1971 at the 
Clarence location of the south central single cross trials, the constants 
were 18.3 and 5.06, respectively. For the 1972 data for the combined 
analysis of the Ames and Martinsburg location, the constants were 16.3 
and 4.9 for "a" and "b", respectively. Shown in Tables 38, 39, 40 and 41 
are r_he ml areti mial i ry inMov vaiv.es for District 2 and District 5 cf 
the 1971 Iowa Com Yield test locations and the south central single cross 
data for Clarence (1971) and the Ames and Martinsburg combined analysis 
(1972). 
Shown in Table 42 are the number of hybrids or single crosses based 
on the quality index falling into various quality designation categories. 
The quality index in District 2 ranged from a low of 10, implying exception­
ally poor quality to a high of 98, implying superior quality. District 2 
of the 1971 Iowa Com Yield test and the single cross trials at Clarence 
in 1971 both indicate many varieties or single crosses falling into the 
fair to poor quality index designation whereas District 5 of the 1971 Iowa 
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Table 38. Quality index, District 2, Iowa Corn Yield Test, combined 
analysis, 1971 
Entry Name No. QI 
Funks G4444 1 69.8 
Cornelius C36sX 2 74.5 
Trojan TXS94 3 52.5 
Middlekoop M302A 4 76.9 
O's Gold SXllOl 5 77.3 
ACCO UC2301 6 52.3 
F522 X A239 7 64.1 
Funks G5207 8 53.8 
Pioneer X7541 9 15.6 
Renk R234 10 30.7 
Cornelius SX36A 11 33.7 
Trojan TXS102 12 71.9 
Pioneer 3582 13 62.0 
Thompson 2100 14 89.8 
Pioneer 3571 15 22.9 
Renk R95 16 48.4 
Trojan TX99 17 56.9 
Pioneer 3773 18 38.3 
O's Gold SX900 19 39.6 
Renk RK44 20 81.7 
Tracy T206 21 69.7 
Thompson 2110 22 67.2 
SAR SX-200 23 75.7 
DeKalb x L45A 24 45.2 
A619 X B59 25 50.1 
Moews SM229 26 77.7 
ACCO UC1901 27 44.7 
Stull 627TX 28 65.3 
Funks G4292 29 53.0 
Crows 226 30 66.2 
Trojan TXS95 31 57.5 
Pioneer 3579 32 57.6 
A239 X B59 33 63.9 
Pioneer 3667 34 41.3 
Coop T-207 35 54.7 
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Table 38 continued 
Entry Name No, QI 
Stull 620SX 36 77.1 
Pioneer 3784 37 41.4 
Moews SM220 38 59.9 
Coop S-201 39 72.0 
Pioneer 3715 40 58.9 
ACCO UC3301 41 73.1 
PAG SX76 42 20.1 
Trojan TXS105 43 55.4 
ACCO UC3300 44 75.8 
Coop S-205 45 60.9 
Trojan TXS109 46 76.1 
DeKalb x L44 47 37.1 
Trojan TX102 48 29.9 
A619 X B182 49 66.7 
O's Gold SXllOO 50 81.6 
Pioneer 3594 51 9.7 
SAR SX-132 52 69.6 
Funks G4252 53 52.1 
Trojan TXS104 54 67.9 
Trojan TXS99 55 35.5 
Funks 04360 56 51.7 
Average 57.5 
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Table 39. Quality index, District 5, Iowa Corn Yield Test, combined 
analysis, 1971 
lîntry Name No. QI 
Funks G4360 1 72.7 
McAllister SX7001 2 97.7 
Coop S-304 3 56.9 
Middlekoop M35A 4 94.7 
Cornelius C66SX 5 97.0 
Hulting X537 6 60.8 
Trojan TXS102 7 81.3 
PAG SX7 8 81.6 
Pioneer 3369A 9 64.1 
O's Gold SX3104 10 71.1 
Pioneer 3376 11 59.0 
Trojan TXS113 12 77.1 
Pioneer 3387 13 75.5 
B37 X 1370 14 56.7 
Middlekoop M306 15 68.3 
O's Gold SX2101 16 94.9 
ACCO UC8851 17 61.5 
Pioneer 3388 18 74.8 
Corn King 1155 19 51.6 
O's Gold SX3200 20 93.1 
 ^ f r r* 4 /" r» r-DJLHn X D/J DZ.J 
Iowa State SX-12 22 72.4 
McAllister 8X6584 23 48.8 
Crowns 226 24 71.8 
Trojan TXS119 25 83.9 
Hulting X770 26 57.3 
Hulting X8775 27 56.8 
Trojan TXS104 28 72.4 
Scull juOW 29 29.4 
BI4A X B74 30 71.4 
Trojan TXS118 31 55.5 
Pioneer 3570 32 63.6 
Maygold X23 33 63.1 
Middlekoop M313 34 60.2 
Moews SM321W 35 65.4 
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Table 39 continued 
Entry Name No. QI 
Trojan TX115 36 68.4 
Middlekoop M300 37 63.1 
Hulting X9770 38 48.0 
Super Crost S-65 39 92.0 
Pioneer 3431 40 66.0 
Super Crost S-69 41 65.0 
Iowa State M116 42 94.7 
ACCO UC3301 43 86.9 
Super Crost S-29 44 86.8 
Moews SM438 45 63.5 
Trojan TXS116 46 73.5 
DeKalb x L66 47 76.3 
ACCO U378 48 64.2 
B73 X M017 49 59.2 
Cornelius 373X 50 87.1 
Middlekoop M310 51 75.4 
Cornelius SX36A 52 82.8 
PAG SX21 53 64.2 
Trojan ÏX110 54 79.5 
ACCO UC8500 55 64.7 
Stull 400W 56 56.6 
Pride R-728 57 69.6 
ACCO UC8800 58 66.2 
Maygold X22 59 68.9 
Stull 6205X 60 88.9 
B37 X M017 61 70.5 
McAllister SX7075 62 95.4 
Pioneer 3518 63 83.1 
Hulting X9861 64 67.5 
DeKalb x L45A 65 88.8 
."iLuli 720SX 66 67.3 
Pioneer 3390 67 62.3 
McAllister 8X6837 68 63.3 
O's Gold TX104 69 74.1 
Stull 350W 70 72.4 
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Table 39 continued 
Entry Name No. QI 
Cornelius 383X 71 67.7 
Pride R-771 72 63.8 
Middlekoop M302A 73 77.0 
Trojan TXS106 74 70.0 
Middlekoop M42 75 83.8 
Funks G4444 76 59.9 
DeKalb X L347 77 76.8 
Stall 707SX 78 71.1 
Pioneer 3571 79 64.7 
Hulting X2772 80 57.0 
PAG SX53 81 83.3 
Average 71.1 
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Table 40. Quality index, South Central single cross trials, lowa 
Experimental Corn Trials, Clarence, Iowa, 1971 
Entry Name No. QI 
B14A X B37 
B14A X B45 
B14A X B54 
B14A X B57 
B14A X B65 
B14A X B67 
B14A X B72 
B14A X B73 
B14A X B74 
B14A X B75 
B14A X M017 
B14A X N5 
B14A X N22A 
B14A X N28 
B14A X PA887P 
B14A X WF9 
B14A X (CBS//l)C3-87 
B14A X (C131AxB37)-l 
B14A X (C131AxB37)-13 
B14A X (C131AxB37)-14 
B14A X (C131AxB37)-20 
B14A X Q51-3-2-1-2-1 
B14A X Q98-10-1-2-2-1 
B14A X Q97-10-1-2-4-1 
B14A X Q66—7-4-4-2-1 
B14A X Q67-9-4-4-2-1 
B14A X Q97-10-1-2-3-1-1 
B14A X Q98-10-1-2-3-1-1 
B14A X 097-10-1—4-1—1-1 
B14A X Q98-10-1-4-1-1-1 
B14A X (SSS)-lll 
B14A X (IA2EARSYN//1C2)-15 
B14A X (IA2EARSYN//lC2)-27 
B37 X B45 
B37 X B54 
1 59.5 
2 64.9 
3 67.8 
4 42.2 
5 70.3 
6  68 .0  
7 64.0 
8 77 .2 
9 56.2 
10 65.0 
11 60.9 
12 34.3 
13 68.7 
14 73.0 
15 58.7 
1 6  6 2 . 2  
17 83.2 
18 53.6 
19 63.2 
20 57.0 
21 46.5 
2 2  6 2 . 0  
23 50.0 
24 64.9 
25 52.8 
26 79.4 
27 66.3 
28 41.1 
29 68.4 
30 55.4 
31 50.5 
32 70.3 
33 28.0 
34 43.2 
35 45.9 
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Table 4U continued 
Entry Name No. QI 
1)37 X B57 36 26.2 
B37 X B65 37 43.1 
B37 X B67 38 64.9 
B37 X B68 39 31.9 
B37 X B70 40 27.5 
B37 X B72 41 58.4 
B37 X B73 42 60.4 
B37 X B74 43 58.7 
B37 X B75 44 43.0 
B37 X M017 45 45.3 
B37 X N5 46 51.9 
B37 X N22A 47 48.1 
B37 X N28 48 38.2 
B37 X CH514 49 47.7 
B37 X PA887P 50 45.3 
B37 X WF9 51 54.7 
B37 X (CBS#l)C3-87 52 75.8 
B37 X B14-2EARSYN 53 64.4 
B37 X Q51-3-2-1-2-1 54 50.4 
B37 X Q98-10-1-2-2-1 55 46.3 
B37 X Q66-7-4-4-2-1 56 65.0 
B3? X Q67-9-4-4-2-1 57 48.2 
B37 X Q97-10-1-2-3-1 58 46.1 
B37 X Q98-10-1-2-3-1 59 38.6 
B37 X Q97-10-1-4-1-1-1 60 64.7 
537 X Q98-10-1-4-1-1-1 61 50.6 
B37 X (SSS)-lll 62 38.0 
B37 X (IA2EARSYN#1C2)-15 63 64.7 
B37 X (IA2EARSYN#lC2)-27 64 37.2 
B65 X B45 65 26.6 
B65 X B54 66 59.9 
B65 X B57 67 42.8 
B65 X B67 68 63.9 
U65 X B68 69 46.4 
B65 X B70 70 53.7 
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Table 40 continued 
Entry Name No. QI 
B65 X B72 71 66.1 
B65 X B73 72 47.0 
B65 X B74 73 60.8 
B65 X B75 74 49.4 
B65 X M017 75 
B65 X N5 76 42.1 
B65 X N22A 77 62.2 
B65 X N28 78 49.8 
B65 X CH514 79 50.9 
B65 X PA887P 80 31.8 
B65 X (CBS//l)C3-87 81 77.8 
B65 X (C131AxB37)-l 82 61.5 
B65 X (C131AxB37)-13 83 54.7 
B65 X (C131AxB37)-14 84 63.2 
B65 X (C131AxB37)20 85 43.2 
B65 X B14-2EARSYN 86 66.7 
B65 X Q51-3-2-1-2-1 87 36.7 
B65 X Q98-10-1-2-2-1 88 41.1 
B65 X Q97-10-1-2-4-1 89 64.6 
B65 X Q66-7-4-4-2-1 90 71.2 
B65 X Q67-9-4-4-2-1 91 65.6 
B65 V 097-10-1-2-3-1-1 92 57.5 
B65 X Q98-10-1-2-3-1-1 93 57.8 
B65 X Q97-10-1-4-1-1-1 94 57.6 
B65 X Q98-10-1-4-1-1-1 95 58.3 
B65 X (SSS)-lll 96 45.0 
B65 X (IA2EARSYN#1C2)-15 97 74.0 
B65 X (IA2EARSYN//lC2)-27 98 49.2 
M017 X B45 99 55.7 
M017 X R54 100 62.0 
M017 X B57 101 16.7 
M017 X B67 102 53.0 
M017 X B68 103 48.2 
M017 X B72 104 60.2 
M017 X B73 105 49.7 
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Table 40 continued 
Entry Name NO. QI 
M017 X B74 106 67.5 
M017 X B75 107 57.6 
M017 X N5 108 63.0 
M017 X N22A 109 15.9 
M017 X N28 110 39.4 
M017 X CH514 111 66.9 
M017 X PA887P 112 30.0 
M017 X WF9 113 52.2 
M017 X (CBS#l)C3-87 114 67.6 
M017 X (C131AxB37)-l 115 63.7 
M017 X (C131AxB37)-13 116 60.8 
M017 X (C131AxB37)-14 117 56.1 
M017 X (C131AxB37)-20 118 36.9 
M017 X B14-2EARSYN 119 63.3 
M017 X Q51-3-2-1-2-1 120 55.8 
M017 X Q98-10-1-2-2-1 121 46.8 
M017 X Q97-10-1-2-4-1 122 78.5 
M017 X 066-7-4-4-2-1 123 70.6 
M017 X 067-9-4-4-2-1 124 77.8 
M017 X Q97-10-1-2-3-1-1 125 42.7 
M017 X 098-10-1-2-3-1-1 126 40.0 
mot 7 V O97-10-1-4-1-1-1 127 50.7 
M017 X Q98-10-1-4-1-1-1 128 75.3 
M017 X (SSS)-lll 129 56.5 
M017 X (IA2EARSYN//1C2)-15 ]30 75.1 
M017 X (IA2EARSYN//lC2)-27 131 62.7 
Fanners Entry 132 70.6 
Average 54.9 
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Table 41. Quality index. South Central single cross trials, lowa 
Experimental Corn Trials, Ames and Martinsburg, lowa (combined 
analysis), 1972 
Entry Name No. QI 
B14A X B37 1 84 
B14A X B45 2 88 
B14A X B54 3 87 
B14A X B57 4 58 
B14A X B70 5 67 
B14Â X B73 6 88 
B14A X B74 7 91 
B14A X B75 S 68 
B14A X M017 9 97 
B14A X N7A 10 67 
B14A X N7B 11 48 
B14A X N28 12 66 
B14A X PA887P 13 74 
B14A X (CI31AXP37)-1 14 74 
B14A X (C131AXB37)-20 15 68 
B14A X Q51-3-2-1-2-1 16 81 
B14A X Q66-7-4-4-2-1 17 69 
B14A X Q97-10-1-4-1-1 18 95 
B14A X Q98-1C-1-2-2-1 19 83 
BTûÂ X 098-10-1-2-3-1-1 20 95 
B14A X Q98-10—1-4—1—1—1 21 85 
B14A X (IA2EARSYN#1)C2-15 22 92 
B14A X (IA2EARSYN#l)C2-27 23 68 
B14A X (CBS//lC4(SSS))-7 24 110 
B14A X (SYNB)C2-1C0 25 96 
B14A X (SSS)C6-5-3 26 80 
B14A X MTDLAND-125 27 99 
B37 X B45 28 50 
B37 X B54 29 51 
B37 X B57 30 33 
B37 X B68 31 73 
B37 X 370 32 51 
B37 X B73 33 56 
B37 X B14 34 70 
B37 X B75 35 35 
123 
Table 41 continued 
Entry Name No. QI 
U37 X M017 36 84 
U37 X N7A 37 44 
B37 X N7B 38 45 
B37 X N28 39 43 
B37 X OP514 40 52 
B37 X PA887P 41 56 
B37 X B14-2EARSYN 42 84 
B37 X Q51-3-2-1-2-1 43 66 
B37 X Q66-7-4-4-2-1 44 82 
B37 X Q97-10-1-4-1-1-1 45 70 
B37 X Q98-10-1-2-2-1 46 71 
B37 X Q98-10-1-2-3-1-1 47 89 
B37 X Q98-10-1-4-1-1-1 48 84 
B37 X (IA2EARSYN#1)C2-15 49 79 
B37 X (IA2EARSYN#l)C2-27 50 50 
B37 X (CBS#lC4(SSS))-7 51 94 
B37 X (SYNB)C2-100 52 53 
B37 X (SSS)C6-5-3 53 44 
B37 X MIDLAND-125 54 91 
B70 X B45 55 40 
B70 X B54 56 70 
D70 X B57 57 18 
B70 X B68 58 56 
B70 X B73 59 61 
B70 X B74 60 70 
B70 X B15 61 78 
B70 X N7A 62 61 
B70 X N7B 63 58 
B70 X N28 64 61 
B70 X CH514 65 69 
B70 X PA887P 66 32 
B70 X (C131AxB37)-l 67 80 
B70 X (C131AxB37)-20 68 80 
B70 X B14-2EARSYN 69 62 
B70 X Q51-3-2-1-2-1 70 53 
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Table 41 continued 
Entry Name No. QI 
B70 X Q66—7—4—4—2-1 71 54 
B70 X Q98-10-1-4-1—1-1 72 75 
B70 X Q98-10-1-2-2-1 73 78 
B70 X Q98-10-1-2-3-1-1 74 60 
B70 X Q98-10-1-4-1-1-1 75 85 
B70 X (IA2EARSYN#1)C2-15 76 101 
B70 X (IA2EARSYN#l)C2-27 77 66 
B70 X (CBS#lC4(SSS))-7 78 92 
B70 X (SYNB)C2-100 77 85 
B70 X (SSS)C6-5-3 80 57 
B70 X Midland-125 81 79 
M017 X B45 82 78 
M017 X B54 83 95 
M017 X B57 84 37 
M017 X B68 85 77 
M017 X B73 86 86 
M017 X 874 87 100 
M017 X B75 88 79 
M017 X N7A 89 75 
M017 X N7B 90 52 
M017 X N28 91 67 
M017 X CH514 92 99 
M017 X PA887P 93 60 
M017 X (C131AxB37)-l 94 95 
M017 X (C131AxB37)-20 95 75 
M017 x B14-2EARSYN 96 90 
M017 X Q51-3-2-1-2-1 97 80 
M017 X Q66-7-4-4-2-1 98 100 
M017 X 997-10-1-4-1-1-1 99 78 
M017 X Q98-1C-1-2-2-1 100 83 
M017 X Q98-10-1-2-3-1-1 101 84 
M017 X Q98-10-1-4-1-1-1 102 97 
M017 X (IA2EARSYN#1)C2-15 103 101 
M017 X (IA2EARSYN#l)C2-27 104 79 
M017 X (CBS#lC4(SSS))-7 105 117 
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Table 41 continued 
Entry Name No. QI 
M017 X (SYNB)C2-100 106 72 
M017 X (SSS)C6-5-3 107 66 
M017 X MIDLAND-125 108 79 
B14 X ALPHC5 109 88 
Farmers Entry 110 79 
Average 75 
Table 42. Number of hybrids or single crosses based on the QI in 
various quality designation categories 
QI Dist. 2 Dist. 5 Clarence Ames & 
1971 1971 S.C.1971 Martinsburg 
Quality Designation SC Trials 
1972 
Superior 85 or above 1 11 0 28 
Excellent 70-84 13 27 16 37 
Good 55-69 18 39 57 25 
Fair 40-54 13 3 45 15 
Poor below 40 11 1 1 L s 
56 81 132 110 
Corn Yield Test and the combined Ames and Martinsburg location of the 
1972 single cross trials indicate a high percentage in the superior to 
excellent quality index designation. Harvest moisture levels and 
maturity have much to do with the quality index in that high harvest 
moisture levels may result in increased physical damage, susceptibility 
to breakage and foreign matter and lower test weights. 
ShoTO in Tables 40 and 41 are the quality index values for knovm geno­
type single crosses which allows comparison of the physical quality of 
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various inbreds making up the single crosses compared. Shown in Table 43 
is the quality index for the south central single cross comparisons of the 
Iowa Experimental Com Trials at Clarence, Iowa in 1971 and the Ames and 
Martinsburg combined analysis in 1972. ShoTO are the number of observations 
and ranking by inbred according to the mean quality index values for that 
inbred. Many similarities in ranking between years are evident and should 
be noted. The inbred B57 ranked both years at the bottom of the quality 
index rating. The inbred PA887P also consistently rated near the bottom. 
The inbred N28 was always in the lower one half of the quality index as was 
inbred B37 and B75. 
Expressing a high quality index both years and ranking second in Table 
43 is the inbred (IA2EARSYN#1)C2-15. This inbred expresses outstanding 
quality index characteristics particularly when crossed with inbreds such 
as B14A, M017 and B70. The inbred Q98-10-1-4-1-1-1 (B79) consistently 
expressed a high quality index in the 1972 comparisons when crossed with 
any of the four tester lines "017, 214A, B70 cr B37. However, in both 
years it expressed the highest quality index when crossed with M017. The 
inbreds B14A and B74 were both consistently in the upper one half of the 
quality index scale. Showing average to slightly above average quality in 
both years were the following inbreds: Q97-10-1-4-1-1-1, B54, B73 and 
Q51-3-2-1-2-1 (B77). 
Showing the highest quality index rating in 1971 was the inbred 
(CBSy/l(C3-87). Another inbred containing (CBS#1C4)SSS (-1) was ranked the 
highest in quality index level in 1972. 
Based on the quality index (Table 42) the 1972 single cross trials 
were higher than 1971 and showed an average increase in QI of 20. 
Table 43. Quality index (QI) , South Central single cross trials,, Ipwa Experimental Corn Trials, 
Clarence, Iowa, 1971; Antes and Martinsburg (combined analysis), 1972 
Inbred Entry 
1971 
Inbred Entry 
1972 
Observation Rank QI Observation Rank QI 
(CBS#l)C3-87 4 1 76 (CBS//lC4(SSS)-7) 4 1 103 
(IA2EARSYN#1)C2-15 4 2 71 (IA2EARSYN#1)C2-15 4 2 93 
Q6 7~9—4-"4—2—1 4 3 68 M017 27 3 88 
Q66—7—4—4—2—1 4 4 65 Q98-10-1-4-1-1-1 (B79) 4 4 87 
B67 4 5 63 Midland-125 4 5 87 
B72 4 6 62 B74 4 6 83 
B14A 22 7 61 (C131AxB37)-l 3 7 83 
B74 4 8 60 B14A 27 9 81 
Q98—10—1—4—1—1—1 4 10 60 Q97-10-1-4-1-1 4 10 80 
B54 4 11 59 Q98—10—1—2—2—.1 4 11 79 
B73 4 12 59 (SYN B)C2-100 4 12 77 
M017 22 13 54 Q66—/—4—4—2—1 4 13 76 
B75 4 14 54 B54 4 14 76 
B65 22 15 54 (C131AxB37)-20 3 15 74 
Q51—3—2—1—2—1 4 16 51 B73 4 16 73 
B37 22 17 51 Q51—3—2—1—2—1 (E77) 4 17 70 
N28 4 18 50 B68 3 18 69 
N22A 4 19 49 B70 27 19 66 
N5 4 20 48 (IA2EARSYNy/l) C2-27 4 20 66 
B45 4 21 48 B75 4 21 65 
(SSS)-lll 4 22 48 B45 4 22 64 
Q98—10—1—2—2—1 4 23 46 B37 27 23 63 
(IA2EARSYN#1)C2-27 4 24 44 (SSS)C6-5-3 (B78) 4 24 62 
PA 887P 4 25 42 N7A 4 25 62 
B57 4 26 32 N28 4 26 59 
PA 887P 4 27 56 
N7B 4 28 51 
B57 4 29 37 
Average 55 75 
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G. Kernel Size-Shape Analysis 
This study covers the 1971 and 1972 crop year. Shown in Table 44 is the 
average, range of entries, least significant differences and coefficients 
of variation for the percent large-round, large-flat, medium-round, medium-
flat, small-round, small-flat and residual-round kernel sizes and shapes as 
described in the Materials and Methods section. Data are shown for District 
2 and District 5 (combined analysis) of the 1971 Iowa Corn Yield Test and 
for the south central single cross comparisons of the Iowa Experimental 
Com Trials at Clarence in 1971 and at Ames and Martinsburg (combined 
analysis) in 1972. Supporting data may be found in Tables 55, 56, 57 and 
58. 
Table 44. Average, range of entries, least significant difference and 
coefficient of variation for percent large-round, percent 
larger-flat, percent medium-round, percent medium-flat, percent 
small-round, percent small-flat and percent residual-round 
kernel sizes and shapes. District 2 and District 5, 1971 Iowa 
Com Yield Test and South Central single cross comparisons of 
the Iowa Experimental Corn Trials at Clarence, Iowa, 1971 and 
Ames and Martinsburg (combined analysis), 1972 
Dist. 2 Dist. 5 Clarence Ames & Martinsbrg. 
Large-Rounds 1971-% 1971-% 1971-% combined, 1972 
Avg. 1.3 3.3 5.6 4.3 
Range-entries 0.3-3.2 0.7-8.6 0.4-20. 3 0.3-15.6 
L.S.D.* 0.78 1.30 2.53 2.93 
C.V. 47.45 33.24 27.47 39.41 
Large-Flats 
Avg. 4.4 11.2 16.2 2.71 
Range-entries 0.6-18.3 1.4-45.6 1.2-54. 4 0,3-8.4 
L.S.D.* 4.61 3.48 5.69 2.61 
C.V. 57.38 29.92 21.54 66.35 
Medium-Rounds 
Avg. 13.8 17.2 18.9 13.2 
Range-entries 6.8-28.1 8.8-32.4 6.1-38. ,2 3.8-29.5 
L.S.D.* 3.78 2.75 4.28 5,14 
C.V. 24.37 16.61 13.86 25.58 
*At 0,05 level of probability 
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Table 44 continued 
Medium-Flats 
Dist. 2 
1971-% 
Dist, 5 
1971-% 
Clarence Ames & Martinsbrg 
1971-% combined, 1972-% 
Avg. 
Range-entries 
L.S.D.* 
C.V. 
27.7 
8.4-43.4 
7.10 
20.92 
37.7 
17.8-51.7 
4.71 
12.28 
36,7 
13.9-57.4 
6.29 
10,48 
47.1 
12.7-67.5 
10.75 
13.89 
Small- Rounds 
Avg. 
Range-entries 
L.S.D.* 
C.V. 
34.2 
14.3-52.8 
7.65 
16.65 
21.5 
5.8-50.1 
4.24 
19.20 
16,9 
3.6-50.2 
4.67 
16.88 
19.7 
7.7-51.2 
8.70 
23.21 
Small-Flats 
Avg. 
Range-entries 
L.S.D.* 
C.V. 
10.2 
13.0-19.9 
3.91 
37.13 
5.9 
1.3-22.6 
2,30 
38.94 
3.2 
0.3-26.7 
1.96 
37.63 
10.6 
1.0-56.1 
5.59 
34.16 
Residual-Rounds 
Avg. 
Range-entries 
L.S.D.* 
C.V. 
8.4 
3.5-21.6 
5.05 
39,47 
3.3 
2.0-7,0 
0,87 
20.99 
2.4 
0.8-8.0 
1.30 
33.00 
2.3 
1,0-6.5 
1.01 
35.64 
*At 0.05 level of probability 
Shown in Table 45 are the degrees of freedom, mean squares and test 
of significance (F test) for the various size-shape fractions indicated. 
Tests of significance for all size-shape fractions at all locations 
indicate highly significant (0.01 level of probability) differences 
between varieties and single crosses tested in 1971 and 1972. 
1. Large-round kernels 
The average percentage of large-round kernels shown in Table 44 ranges 
from 1.3% in District 2 in 1971 to 5.6% at the 1971 Clarence single cross 
comparisons. Individual entries ranged from 0.3% to 20.3% large-round 
kernels. 
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Table 45. Degrees of freedom, mean squares and tests of significance for 
percent large-round, percent large-flat, percent medium-round, 
percent medium-flat, percent small-round, percent small-flat 
and percent residual-round kernels in District 2 and District 5, 
of the 1971 Iowa Com Yield Tests, the South Central single 
cross comparisons of the Iowa Experimental Corn Trials at 
Clarence, Iowa, 1971 and at Ames and Martinsburg,(combined 
analysis) in 1972. 
Source of Variation d.f. M.S. F Test 
District 2 
Large-rounds 55 11.91 13.18** 
Large-flats 55 224.91 16.09** 
Medium-rounds 55 148.93 6.97** 
Medium-flats 55 1021.83 13.52** 
Small-rounds 55 1377.91 15.71** 
Small-flats 55 137.24 5,99** 
Residual-rounds 55 194.58 5.10** 
Treatments x environments 165 
District 5 
Large-rounds 80 45.66 17.68** 
Large-flats 80 829.49 45.31** 
Medium-rounds 80 299.54 26.31** 
Medium-flats 80 576.38 17.34** 
Small-rounds 80 1073.62 39.67** 
Small-flats 80 152.33 19.11** 
Residual-rounds 80 12.98 11.32** 
2':'J 
South Central single cross trials, Clarence, 1971 
Large-rounds 131 55.20 23.06** 
Large-flats 131 485.58 39.96"* 
Medium-rounds 131 175.59 25.59** 
Medium-flats 131 281.83 18.98** 
Small-rounds 131 333.41 40.77** 
Small-flats 131 44.51 30.83** 
Residual-rounds 131 4.44 6.98** 
Treatments x environments 229 
**At the 0.01 level of probability. 
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Table 45 continued 
Source of Variation d.f. M.S. F Test 
South Central single cross trials, Ames & Martinsburg, combined analysis 
1971 
Large-rounds 109 51.31 7.99** 
Large-flats 109 17.96 3.50** 
Medium-rounds 109 139.71 7.06** 
Medium-flats 109 635.87 7.34** 
Small-rounds 109 320.38 5.65** 
Small-flats 109 595.96 25.39** 
Residual-rounds 109 5.79 7.56** 
Treatments x environments 109 
Large-round kernels are consistently negatively correlated (Tables 59, 
60, 61 and 62) with dry test weight showing coefficients of -0.29, -0.53, 
-0.24 and -0.26 for District 2, District 5, the Clarence single cross 
comparisons and the Ames and Martinsburg single cross comparisons, 
respectively. This implies that varieties with higher percentages of 
large-luuuù keriiêlss will have lower dry test weight values and conversely, 
varieties with lower percentages of large-round kernels will have higher 
test weights. Correlation coefficients between large-round Icemals and 
wet test weight and change in test weight do not show consistent trends. 
A negative correlation is also shown for yield (-0.24) at the Clarence 
single cross comparisons. Percent harvest moisture is positively 
correlated with large round kernels in District 5. 
Large-round kernels were positively correlated with wet displacement, 
dry displacement and quite often change in displacement upon drying. This 
would be expected since large-round kernels are positively correlated 
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with 200 kernel weight and a 200 kernel sample was used to determine 
displacement values. Wet displacement, dry displacement and 200 kernel 
weight are all measures of the size of the kernels, thus, varieties with 
higher percentages of large-round kernels tend to have higher displacement 
and 200 kernel weight values. Correlation coefficients for wet displace­
ment, dry displacement and 200 kernel weight are: 0.58, 0.58 and 0.72, 
respectively for District 2; 0.86, 0.84 and 0.80, respectively for District 
5; 0.70, 0.77 and 0.77, respectively for the Clarence single cross 
comparisons; and 0.73, 0.77 and 0.74, respectively for the Ames and 
Martinsburg single cross comparisons. 
There are inconsistent trends between large-round kernels and the 
physical quality factors, percent physical damage, percent breakage and 
percent foreign matter. Percent round kernels are positively correlated 
with percent breakage in District 2 (0.54) and District 5 (0.57) but not 
significant in the single cross comparisons in 1971 or 1972. Percent 
physical damage shows a positive correlation (0.53) with large-round 
kernels in District 5. Percent foreign matter shows a positive correlation 
(0.23) with large-round kernels in District 5, but shows a negative 
correlation (-0.33) in the Ames and Martinsburg single cross comparisons. 
Therefore, no conclusions can be drawn from these observations. 
2. Large-flat kernels 
ShoTO in Table 44 are the average percentages for large-flat kernels. 
The range in average percent large-flat kernels was from 2.7% at the 
Ames and Martinsburg 1972 single cross comparisons to 16.2% at the 1971 
Clarence single cross comparisons. Individual entries ranged from 0.3% to 
54.4% large-flat kernels. 
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As with large-round kernels, large-flat kernels are negatively 
correlated with dry test weight (Tables 59, 60, 61 and 62) but not at a 
significant level at the 1972 Ames and Martinsburg single cross comparisons. 
Correlation coefficients between large-flat kernels and dry test weight are 
-0.37, -0.37 and -0.20, respectively for District 2, District 5 and the 
1971 Clarence single cross comparisons. Wet test weight was negatively 
correlated with large-flat kernels in District 2 (-0.31) and District 5 
(-0.42) in 1971. 
Change in test weight upon drying shows inconsistent trends. In District 
5 change in test weight is positively correlated with large-flat (0^ 39) 
and large-round (0.40) kernels, whereas in the 1972 Ames and Martinsburg 
single cross comparisons, it shows a negative correlation with large-
flat (-0.30) and large-round (-0,36) kernels. 
Large-flat kernels show a positive correlation with yield (0.20) at the 
Ames and Martinsburg single cross comparisons, and with harvest moisture 
(0,38) in District 5, whereas at the Clarence single cross comparisons, a 
negative correlation was found with harvest moisture (-0,20). A negative 
correlation also was found for harvest moisture and large-flat kernels 
(-0,29) at the Ames and Martinsburg comparisons. 
Large-flat kernels, as shown for large-round kernels, are positively 
correlated vith wet displacement, dry displacement and 200 kernel weight 
and often with change in displacement upon drying as previously described. 
As with large-round kernels, inconsistent trends were found between 
large-flat kernels and the physical quality factors, percent physical 
damage, percent breakage and percent foreign matter. Large-flat kernels 
were positively correlated with percent breakage (0.36) and percent 
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physical damage (0.27) in District 2. In District 5 a positive correlation 
between large-flat kernels and percent breakage (0.61), percent physical 
damage (0.34) and percent foreign matter (0.30) was found. Percent 
breakage was also found to be positively correlated (0.18) with large-flat 
kernels at the 1971 Clarence single cross comparisons. However, at the 
1972 Ames and Martlnsburg single cross comparisons, percent foreign matter 
was negatively correlated (-0.30) with large-flat kernels. 
As would be expected, large-flat kernels are positively correlated with 
large-round kernels. This implies that the larger percentage large-round 
kernels, the more large-flat kernels. 
3. Medium-round kernels 
At all locations, medium-round kernels expressed many of the same 
correlation trends found for large-round and large-flat kernel sizes. 
The average percentage of medium round kernels shown in Table 44 ranges 
from 13.2% at the 1972 Ames and Martinsburg single cross comparisons up to 
18.9% at the 1971 Clarence single cross comparisons. Individual entries 
ranged from 3.8% to 38.2% medium round kernels. 
Medium-round kernels are negatively correlated (-0.23) with dry test 
weight in District 5 (Tables 59, 60, 61 and 62). Dry test weight at 
other locations and wet test weight and change in test weight showed no 
significant correlations at any location. 
Medium-round kernels are negatively correlated with yield in District 
5 (-0.22) and in the Clarence single cross comparisons (-0.28). Harvest 
moisture was negatively correlated with medium-round kernels (-0.26) at 
the Clarence location. 
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Wet displacement, dry displacement, change in displacement and 200 
kernel weight all showed positive correlations with medium-round kernels. 
This is consistent with the relationship between these factors and large-
round and large-flat kernel sizes. Correlation coefficients for wet 
displacement, dry displacement, change in displacement and 200 kernel 
weight are: 0.57, 0.70, not significant and 0.72, respectively for District 
2; 0.44, 0.48, 0.25 and 0.45, respectively for District 5; 0.52, 0.62, 
0.26 and 0.63, respectively for the 1971 Clarence single cross comparisons; 
and 0.53, 0.52, 0.26 and 0.47 for the 1972 Ames and Martinsburg single 
cross comparisons, respectively. This implies that varieties with large 
percentages of large-round, large-flat and medium-round kernels tend to be 
higher in wet and dry displacement values and 200 kernel weight and to 
have larger increases in change in displacement values when dried. 
Positive correlations were found between medium-round kernels and 
percent breakage in District 2 (0.43) and District 5 (0.36). Also in 
District 5. a positive correlation (0=50) was found for percent physical 
damage. 
Medium-round kernels also show positive correlations for large-round 
(0.69) and large-flat (0.43) kernels. 
4. Medium-flat kernels 
The medium-flat kernel size comprises the largest portion of the size-
shape fractions. This fraction comes largely from the center of the ear. 
Whereas, the larger kernels are largely from the butt of the ear and the 
smaller kernels from the tip of the ear. The average percentage of medium-
flat kernels shown in Table 44 ranges from 27.7% in District 2 to 47.1% 
in the Ames and Martinsburg, 1972, single cross comparisons. Individual 
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entries ranged from 8.4% to 67.5% medium-flat kernels. 
Medium-flat kernels were positively correlated (Tables 59, 60, 61 and 
62) with yield in District 2 (0.28), District 5 (0.22) and in the 1971 
Clarence single cross comparisons (0.17). This implies that there is a 
tendency toward higher yield levels from varieties that have a large 
percentage of medium-flat kernels. 
A positive correlation between percent harvest moisture and percent 
medium-flat kernels is indicated in District 2 (0.39) and District 5 (0.25) 
but was not observed at other locations. 
Medium-flat kernels were negatively correlated with dry test weight 
(-0.60) and wet test weight (-0,58) and positively correlated with change 
in test weight (0.31) in District 2. In District 5, a positive correlation 
is also shown (0.36) for change in test weight upon drying. This relation­
ship could not be shown at the other locations in 1971 and 1972. 
Medium-flat kernels show positive correlation with wet displacement, 
dry displacement, change in displacement and 200 kernel weight in District 
2, no significant correlation in District 5, a negative correlation in 
the 1971 Clarence single cross comparisons and a positive correlation, 
except for change in displacement, in the 1972 Ames and Martinsburg 
single cross comparisons. 
Medium-flat kernels show negative correlation with percent physical 
damage (-0.36) and percent breakage (-0.29) in District 5 and for percent 
foreign matter (-0.27) in the Ames and Martinsburg single cross comparisons. 
5. Small-round kernels 
As shown in Table 44, the average percentage of small-round kernels 
range from 16.9% at the 1971 Clarence single cross comparisons to 34.2% 
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in District 2. Individual entries ranged from 3.6% to 52.8% small-round 
kernels. 
Small-round kernels are negatively correlated with harvest moisture 
showing values of "0.34 in District 2 and -0.52 in District 5 (Tables 59 
and 60). 
Small-round kernels, contrary to larger sized kernels, show a positive 
correlation with dry test weight and wet test weight. Correlation values 
for dry test weight and wet test weight are: 0.58 and 0.51, respectively 
in District 2; 0.52 and 0,59 in District 5; and 0.34 and 0.27 at the 1971 
Clarence single cross comparisons. No significant relationship was found 
at the Ames and Martinshurg locations in 1972, A negative correlation 
was found (-0,52) for change in test weight in District 5 analysis. This 
would imply that as the percentage of small-round kernels increase, the 
wet and dry test weight may also increase. 
Wet displacement, dry displacement, change in displacement and 200 
kernel weight are negatively correlated with the percent small-round 
kernels. 
The physical quality factors, percent physical damage, percent breakage 
and percent foreign matter are also negatively correlated with small-round 
kernels. Negative correlations are shown for percent physical damage 
(-0,33) and percent breakage (-0.43) in District 2, for percent physical 
damage (-0.27), percent breakage (-0.44) and percent foreign matter (-0.24) 
in District 5. In the 1971 Clarence single cross comparisons, a negative 
correlation (-0.24) was found for percent breakage, whereas at the 1972 
Ames and Martinsburg single cross comparisons, percent physical damage 
(-0.27), percent breakage (-0,44) and percent foreign matter (-0.24) 
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showed similar trends. This would suggest that as the percentage of 
small-round kernels increase, the percent breakage, percent physical 
damage and percent breakage tends to decrease. 
6. Small-flat kernels 
The average percentage of small-flat kernels shown in Table 44 ranges 
from 3.2% at the 1971 Clarence single cross comparisons to 10.6% at the 
1972 Ames and Martinsburg single cross comparisons. Individual entries 
as shown ranged from 0.3% to 56.1% for small-flat kernels. 
Small-flat kernels are positively correlated with yield (0.19) at the 
Clarence single cross comparisons and with harvest moisture (0.20) at Ames 
and Martinsburg single cross comparisons, but negatively correlated with 
moisture (-0.24) in District 5, indicating inconsistent correlation 
between harvest moisture and small-flat kernels. 
Dry test weight (0.27) and wet test weight (0.27) showed positive 
correlation with small-flat kernels in District 5. 
Small-flat kernels are negatively correlated with wet displacement, 
dry displacement, change in displacement and 200 kernel weight and show 
the same trends found for small-round kernels at all locations. The 
exception was a non-significant relationship for change in displacement 
upon drying in District 2. 
The physical quality factors, percent physical damage, percent 
breakage and percent foreign matter show negative correlations with small-
flat kernels in District 5. In District 5, values for percent physical 
damage, percent breakage and percent foreign matter were -0.47, -0.57 and 
-0.24, respectively. At the Ames and Martinsburg single cross comparisons, 
percent breakage was negatively correlated (-0.28) whereas a positive 
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correlation was observed for percent foreign matter (0.29). 
7. Residual-round kernels 
Residual-round kernels do not meaningfully represent any size-shape 
fraction, rather it is the residual-round kernels passing through the 
smallest round hole screen. This fraction is usually small unless there 
are an unusually large amount of small kernels or damage to the sample. 
The average percentage of residual-round kernels shown in Table 44 
ranges from 2.3% at Ames and Martinsburg single cross comparisons to 8.4% 
in District 2. Dry weather during the growing season at the Estherville 
site may account for the higher percentage in District 2. Individual 
entries ranged from 0.8% to 21.6% residual-round kernels. 
Inconsistent correlation (Tables 59, 60, 61 and 62) is shown between 
residual-round kernels and yield. In District 2, it is negative (-0.28), 
at the Clarence single cross comparisons, it is positive (0.19). 
Harvest moisture is negatively correlated with residual-round kernels 
in District 2 (-0.37) and District 5 (-0.48). 
Residual-round kernels are positively correlated with dry test weight 
and wet test weight in District 2, District 5 and for dry test weight only 
at the Clarence single cross comparisons. 
Residual-round kernels show similar negative correlations found for 
small-round and small-flat kernels for wet displacement, dry displacement, 
change in displacement and 200 kernel weight at all locations. 
Percent breakage is negatively correlated (-0.33) with residual-round 
kernels in District 2. Percent foreign matter is positively correlated 
with residual-round kernels in District 5 (0.25) and at the Ames and 
Martinsburg single cross comparisons (0.29). 
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8. Quality index, harvest moisture aad size-shape comparisons 
Discussed in this section are comparisons between high and low quality 
index (QI) varieties, their harvest moisture and distribution of percent 
size-shape fractions. 
Shown in Table 46 are the five high and five low QI varieties (based 
on the quality index) in District 2 compared to the District 2 averages for 
harvest moisture and distribution of size-shape fractions. On the average, 
the five high QI varieties in the 1971 District 2 comparisons contained 0.5% 
less harvest moisture, 0.5% fewer large-round kernels, 2.8% fewer large-
flat and 2.9% less medium-round kernels. The five high QI varieties 
averaged 11.2% less medium-flat kernels, but 12.3% more small-round kernels, 
1.6% fewer small-flat kernels but 6.9% more residual-round kernels than the 
district average. The high percentage of residual-round kernels is largely 
an effect of dry weather during the growing season at the Estherville 
location. 
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varieties in District 2 contained 1.2% more harvest moisture, 0,2% less 
large-round kernels. 1,0% less large-flat kernels. These five low 01 
varieties averaged 0.2% more medium-round, 0.3% more medium-flat, 1^0% less 
small-round, 3.5% more small-flat and 0.3% more residual-round kernels 
than the district average for these size-shape factors. 
The five high and five low QI varieties (based on the quality index) 
in District 5 are shown in Table 47. The five high QI varieties in 
District 5 compared to the average contained the same average harvest 
moisture level, 2.2% fewer large-round kernels, 7.0% less large-flat 
kernels and 5.0% fewer medium-round kernels. The five high QI varieties 
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Table 46. High and low QI variety comparisons for percent harvest moisture 
and percent size-shape fractions, District 2, Iowa Com Yield 
Test, 1971 
Rank QI Mstr. L.R. L.F. M.R. M.F. S.R. S.F. R.R. 
High QI % % % % % % % % 
Thompson 2100 1 89.8 22.0 0.6 0.8 6.8 8.4 52.8 9.2 21.6 
Renk RK44 2 81.7 21.4 0.4 0.8 8.9 11.1 52.3 8.3 18.3 
O's Gold SXllOO 3 81.6 20.6 0.5 0.9 8.9 12.5 50.7 9.4 17.1 
Moews SM229 4 77.7 22.9 1.7 4.4 17.0 36.0 27.9 8.3 5.0 
O's Gold SXllOl 5 77.3 20.6 0.6 1.0 12.7 14.6 49.3 8.0 14.4 
High QI Ave. 81.6 21.5 0.8 1.6 10.9 16.5 46.5 8.6 15.3 
Dist. 2 Ave. 57.5 22.0 1.3 4.4 13.8 27.7 34.2 10.2 8.4 
Difference +24.1 - 0.5 -0.5 -2.8 -2.9 -11.2 +12.3 -1.6 +6.9 
Low QI 
Pioneer 3594 1 9.7 22.0 1.8 9.6 12.0 43.2 18.1 9.7 5.6 
Pioneer X7541 2 15.6 25.6 1.3 1.8 14.1 21.0 41.7 10.2 10.3 
PAG SX76 3 20.1 21.1 0.4 0.6 9.3 21.3 39.2 18.7 10.7 
Pioneer 3571 4 22.9 25.5 0.9 2.7 10.9 31.1 27.0 19.9 7.0 
Trojan TX-102 5 29.9 21.6 1.0 2.2 13.9 23.3 40.1 10.2 9.7 
Low QI Ave. 19.6 23.2 1.1 3.4 14.0 28.0 33.2 13.7 8.7 
Dis t. 2 Ave. 57.5 22.0 1.3 4.4 13.8 27.7 34.2 10.2 8.4 
Difference -37.9 + 1.2 +0.2 -1.0 + 0.2 + 0.3 - 1.0 +3.5 + 0.3 
in District 5 compared to the average contained the same average harvest 
moisture level, 2.2% fewer large-round kernels, 7.0% less large-flat 
kernels and 5.0 fewer medium-round kernels. The five high QI varieties 
averaged 7.6% more medium-flat, 4.7% more small-round, 3.8% more small-
flat but 0.6% fewer residual round kernels. The five low QI varieties 
in District 5 shown in Table 47 contained 2.5% more harvest moisture, 1.8% 
more large-round, 1.9% more large-flat and 12.3% more medium-round kernels 
than the district average for these factors. These five low QI varieties 
averaged 3.1% fewer medium-flat, 5,7% less small-round, 3.1% fewer small-
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flat and 0.4% less residual-round kernels in comparison to the District 5 
average. 
Table 47. High and low QI variety comparisons for percent harvest moisture 
and percent size-shape fractions. District 5, Iowa Com Yield 
Test, 1971 
Rank QI Mstr. L.R. L.F. M.R. M.F. S.R. S.F. R.R. 
High QI % % % % % % % % 
McAllisters 
SX7001 1 97.7 21.6 1.2 4.6 11.9 46.9 23.1 9.7 2.7 
Cornelius C66SX 2 97.0 21.7 1.2 4.2 11.7 45.6 24.4 10.2 2.7 
Middlekoop M35A 3 94.7 21.3 0.7 2.9 12.7 42.5 28.3 9.9 2.7 
O's Gold SX3200 4 93.1 21.9 1.0 5.1 12.6 43.9 26.0 9.2 2.6 
la. State M116 5 92.7 21.7 1.2 4.4 12.1 47.4 23.0 9.4 2.6 
High QI Ave. 95.0 21.6 1.1 4.2 12.2 45.3 26.2 9.7 2.7 
Dist. 5 Ave. 71.1 21.6 3.3 11.2 17.2 37.7 21.5 5.9 3.3 
Difference +23.9 0.0 -2.2 -7.0 -5.0 +7.6 +4.7 +3.8 -0.6 
Low QI 
Stull 560W 1 29.4 29.2 4.2 17.7 17.1 38.8 14.2 4.2 3.6 
Hulting X9770 2 48.0 19.0 3.5 16.0 16.9 40.5 14.8 4.6 3.7 
McAllisters 
SX6584 3 48.8 23.6 6.5 9.5 32.3 32.0 15.2 1.8 2.5 
Corn King 4 51.6 24.5 5.5 10.6 29.0 33.0 18.0 1.6 2.4 
Trojâû TXSllS 5 55.5 24.4 6.0 11.9 32.4 28- Ô 16.9 1.9 2.4 
Low QI Ave. 56.7 24.1 5.1 13.1 25.5 34.6 15.8 2.8 2.9 
Dist. 5 Ave, 71.1 21.6 3.3 11.2 17.2 37.7 21.5 5.9 3.3 
Difference -24.4 +2.5 +1.8 + 1.9 +12.3 -3.1 -5.7 -3 • 1 —0.4 
Siiowi'i ill Table 48 are Lue five high and five low QI single crosses 
(based on the quality index) in the 1971 Clarence single cross comparisons 
compared to the experiment average. The five high QI single crosses on 
the average contained 0.2% less harvest moisture, 2.2% fewer large-round, 
3.5% less large-flat and 3.2% fewer medium-round kernels than the experi­
ment average. The five high QI single crosses contained on the average 
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4.7% more medium-flat, 3.2% greater small-rounds, 1.3% more small-flat but 
0.2% less residual-round kernels than the experiment average. In contrast, 
the five low QI single crosses at the Clarence single cross comparisons 
contained 2.0% more harvest moisture, but 0.5% less large-round kernels. 
These five low QI single crosses had 1.6% more large-flat, 0.9% fewer 
medium-round and 5.2% more medium-flat kernels. There were 3.6% fewer 
small-round, 1.1% less small-flat, but 0.4% more residual-round kernels 
in the five low QI single cross average when compared to the experiment 
average. 
Table 48. High and low QI single cross comparisons for percent harvest 
moisture and percent size-shape fractions, Clarence single 
cross comparisons, Iowa Experiment Corn Trials, 1971 
Rank QI 
High QI 
Mstr. 
% 
L.R. 
% 
L.F. 
% 
M.R. 
% 
M.F. 
% 
S.R. 
% 
S.F. 
% 
R.R. 
% 
B14A x (CBS//l)C3-87 1 83.2 17.9 4.5 9.1 32.8 31.9 19.5 0.6 1.3 
B14A X Q67—9—4—4—2—1 2 79.4 22.2 2.2 9.4 12.6 51.0 17.6 6.1 1.3 
M017 X Q97-10-1-2-4-1 3 78.5 23.0 5.5 19.1 15.2 46.6 10.0 1.9 1.6 
M017 X Q67-9-4-4-2-1 4 77.8 26.9 3.6 23.2 10.3 48.1 9.4 4.0 1.3 
BÔ5 X (CBStfl)C5-87 5 77,8 18,6 1.1 2 : 1  7.5 29.2 43.6 9.8 5 . 7  
High QI Ave. 79.3 21.7 3.4 12.7 15.7 41.4 20.1 4.5 2.2 
Expt. Ave. 66.5 21.9 5.6 16.2 18.9 36.7 16.9 3.2 2.4 
Difference +12.8 -0.2 -2.2 -3.5 -3.2 +4.7 +3.2 +1.3 -0.2 
Low QI 
MCI7 X N22A 1 15.9 22.0 4.1 10.4 19.5 47.4 14.9 1.8 1.9 
HOI7 X B57 2 16.7 26.4 9.1 23.3 25.7 31.6 7.2 0.9 2.0 
B37 X B57 3 26.2 25.8 8.2 15.9 22.9 35.1 13.3 2.1 2.7 
B65 X B45 4 26.6 22.2 0,7 6.8 10.6 51.9 23.1 2.9 4.1 
B37 X B70 5 27.5 23.1 3.6 27.5 11.4 43.5 8.1 2.7 3.3 
Low QI Ave. 22.6 23.9 5.1 17.8 18.0 41.9 13.3 2.1 2.8 
Expt, Ave, 66.5 21.9 5.6 16.2 18.9 36.7 16.9 3.2 2.4 
Difference -43.9 +2.0 -0.5 +1.6 -0.9 +5.2 -3.6 -1.1 +0.4 
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The five high and five low QI single crosses from the 1972 Ames and 
Martinsburg single cross comparisons are shown in Table 49. The five 
high QI single crosses contained 1,1% less harvest moisture, 1.2% fewer 
large-round, 0,1% less large-flat, 4,4% fewer medium-round, and 5.8% less 
medium-flat kernel than the average of the experiment. The five high 
quality single crosses had 1.1% more small-round, 9.4% more small-flat 
and 0.5% more residual-round kernels than the experiment average. As 
shown in Table 49, the five low QI single crosses contained 4.9% more 
harvest moisture, 1.2% larger number of large-round, 0.6% more large-flat, 
but 6.8% more medium-round, whereas there was no difference in the percent­
age of medium-flat kernels from the average of the experiment. These 
same five low QI single crosses had 1.2% fewer small-round, 7.1% less 
small-flat, but no difference in the percentage of residual-round kernels 
from the experiment average. 
As shown in Tables 46, 47, 48 and 49, high QI varieties and single 
crosses contain average or below average harvest moisture levels. These 
percentages ranged from 0.0% in District 5 (Table 47) to 1.1% below 
average in the 1972 Ames and Martinsburg single cross comparisons. In 
contrast, low QI varieties or single crosses contain above average harvest 
moisture levels. These percentages ranged from 1.2% above average in 
District 2 to 4.9% above average in the 1972 Ames and Martinsburg single 
cross comparisons. These are important considerations in determining 
corn grain quality. The quality index (QI) which is determined by the 
physical quality factors, percent physical damage, percent breakage and 
percent foreign matter are all positively correlated (Tables 59, 60, 61 
and 62) with harvest moisture whereas the dry test weight which is 
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Table 49. High and low QI single cross comparisons for percent harvest 
moisture and percent size-shape fractions, Ames and Martins-
burg single cross comparisons, Iowa Experimental Com Trials, 
1972 
Rank 
High QI 
QI Mstr. 
% 
L.R. 
% 
L.F. 
% 
M.R. 
% 
M.F. 
% 
S.R. 
% 
S.F. 
% 
R.R. 
% 
M017 X (CBS#1C4(SSS) 
—7 1 117 24.4 1.4 0.7 8.8 28.7 17.3 40.8 2.3 
B14A X (CBS#1CR(SSS) 
—7 2 110 20.1 0.6 0.3 6.0 18.1 41.7 27.2 6.3 
M017 X (IA2EARSYN#1)-
C2-15 3 101 22.8 7.0 5.3 11.2 57.9 13.5 3.9 1.4 
B70 X (IA2EARSYN#1)-
C2-15 4 101 22.9 2.6 3.1 9.2 52.1 16.5 13.7 2.3 
M017 X B74 5 100 22.8 3.8 3.5 8.9 57.5 14.9 10.3 1.6 
High QI Ave. 106 22.5 3.1 2.6 8.8 42.9 20.8 20.0 2.8 
Expt. Ave. 75 23.6 4.3 2.7 13.2 47.1 19.7 10.6 2.3 
Diff. from Expt. Ave, +31 -1.1 -1.2 -0.1 -4.4 -5.8 +1.1 +9.4+0.5 
Low QI 
B70 X B57 1 18 30.7 2.6 1.8 14.3 50.7 24.1 4.5 2.0 
B37 X B57 2 33 29.4 9.1 5.4 29.5 35.5 14.3 3.4 2.7 
B70 X PA887P 3 32 26.0 4.3 3.3 13.8 57.1 15.3 3.8 2.2 
B37 X B75 4 35 26.8 2.8 2.9 18.7 45.9 23.0 3.8 3.2 
M017 X B57 5 37 29.7 8.6 3.1 22.7 46.2 16.3 1.8 1.5 
I r>T.T AT Atto 31 28.5 5.5 3.3 20.0 ' - . 1 ,1  IS.5 3.5 2.3 
Expt. Ave. 75 23.6 4.3 2.7 13.2 47.1 19.7 10.6 2.3 
Diff. from Expt. Ave -44 +4.9 +1.2 +0.6 +6.8 0.0 -1.2 -7.1 0.0 
inversely related in the QI formula shows a negative correlation with 
percent harvest moisture. Thus, as harvest moisture percentage changes, 
the quality of the grain changes. As harvest moisture levels increase, 
test weights decrease and the percent physical damage and percent foreign 
matter resulting from combine harvesting increases and susceptibility to 
breakage with additional handling increases. As harvest moisture levels 
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decrease, the reverse can be shown. 
High QI varieties and single crosses contain less than average percent 
large-round, percent large-flat, percent medium-round and sometimes 
percent medium-flat kernels as compared to the district or experiment 
averages. These same high QI varieties contain more small-round kernels 
and usually more small-flat kernels. 
Low QI varieties and single crosses usually contain more large-round, 
large-flat and medium-round kernels and often fewer small-round and 
small-flat kernels. These findings may also be a consideration in 
determining com grain quality, since large-round, large-flat and medium-
round kernels (Tables 59, 60, 61 and 62) are often negatively correlated 
with dry test weight and positively correlated with the physical quality 
factors. Thus, as the percentage of large-round, large-flat, or medium-
round kernels increase, the dry test weight decreases, and the percent 
physical damage, percent foreign matter and percent breakage increases, 
resulting in a lower QI and thus lower physical quality of corn grain. 
For high QI varieties and single crosses the reverse can be shown, 
indicating that the size and shane of the kernel affects the aualitv of 
corn grain produced by changing test weight, the amount of physical damage 
to the kernel and resultant foreign matter, and by affecting the 
SuScepLiuiliLy Lu breakage uirougli subsequent handling. 
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H. Effect of Various Planting and Harvesting Dates on Corn Grain Quality 
Shown in Tables 50, 51 and 5 2  are the statistical analysis of the effects 
of planting dates (treated as replications), harvesting dates and their 
interaction on various corn grain quality treatment factors. The design of 
the existing experiment dictated that planting dates be treated as replica­
tions. Thus, the effects of planting date can only be used to justify the 
need for an experiment designed to statistically prove the indicated 
observations. To more easily explain differences, planting dates will be 
referred to rather than replications. From Table 50, planting date 
(replications) shows a highly significant effect (0.01) on moisture 
percentage, dry and wet test weight, dry displacement and the change in 
displacement upon drying. Also showing a highly significant effect from 
planting date are 200 kernel weight, percent physical damage, percent 
foreign matter, percent breakage and percent residual-round kernels. 
Showing a significant effect (0.05) from planting date is the change in 
test weight upon drying and the percent medium-round kernels. The effect of 
planting date on yield, wet displacement, large-round, large-flat, medium-
flat, small-round, and small-flat kernels was not significant. 
Table 51 shows the statistical analysis of the effect of harvesting 
date on various com quality factors. The following factors were found to 
be highly significantly affected: percent moisture, dry, wet and change 
in test weight upon drying, dry, wet and change in displacement upon 
drying, 200 kernel weight, percent physical damage, percent foreign matter 
and percent breakage, the percentage of large-flat, medium-round and 
residual-round kernel sizes. The percentage of large-round kernels was 
found to be significantly different. 
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Table 50. Degrees of freedom, mean square and F ratio for various treat­
ment effects on planting dates. Date of planting and harvesting 
study. Galva-Primghar Experimental Farm, Sutherland, Iowa, 1973 
Treatment Degrees of Mean 
Factors Freedom Square F Ratio 
Yield 4 58.28 1.15 
Moisture 4 43.63 29.06** 
Dry test weight 4 37.39 36.16** 
Wet test weight 4 25.58 18.09** 
Change in test weight 4 1.01 3.85* 
Wet displacement 4 6.87 1.98 
Dry displacement 4 224.87 54.40** 
Change in displacement 4 219.47 26.13** 
200 kernel weight 4 227.92 58.74** 
% Physical damage 4 985.58 41.93** 
% Foreign matter 4 30.14 15.65** 
% Breakage 4 48.14 18.16** 
% Large- rounds 4 0.6488 1.37 
% Large-flats 4 1.0802 2.81 
% Medium-rounds 4 13.6885 3.82* 
% Medium-flats 4 38.3567 1.68 
% Small-rounds 4 14.4672 0.76 
% Small-flats 4 13.1693 1.49 
% Residual-rounds 4 3.2039 12.64** 
Residual 20 
*At the 0.05 level of probability 
**At the 0.01 level of probability 
Table 52 indicates any planting date by harvesting date interaction 
effect on various corn quality factors. Percent physical damage, percent 
foreign matter, percent breakage and percent residual round kernels were 
found to be highly significant (0.01). Change in test weight upon drying, 
was found to be significant (0,05). All other factors were not 
significantly affected by the interaction. 
Table 53 shows the mean quality values for different planting 
dates. Yield was not significantly affected across the range of 
planting dates. Percent harvest moisture was affected significantly 
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Table 51. Degrees of freedom, mean square and F ratio for various treat­
ment effects on harvesting dates. Date of planting and harvest­
ing study, Galva-Primghar Experimental Farm, Sutherland, Iowa, 
1973 
Treatment Degrees of Mean 
Factors Freedom Square F Ratio 
Moisture 1 1527.96 101.80** 
Dry test weight 1 195.59 189.20** 
Wet test weight 1 73.32 51.87** 
Change in test weight 1 28.03 107.15** 
Wet displacement 1 1228.80 354.00** 
Dry displacement 1 70.53 17.06** 
Change in displacement 1 1888.13 224.78** 
200 kernel weight 1 146.97 37.80** 
% Physical damage 1 3682.99 156.68** 
% Foreign matter 1 234.08 121.58** 
% Breakage 1 546.13 206.08** 
% Large-rounds 1 1.6536 3.50* 
% Large-flats 1 1.8435 4.80** 
% Medium-rounds 1 32.9305 9.20** 
% Medium-flats 1 20.6432 0.90 
% Small-rounds 1 35.5777 1.86 
% Small-flats 1 6.2655 0.71 
% Residual-rounds 1 21.4283 84.60** 
% Residual 20 
"ÀC [he 0.05 level of probability 
**At the 0.01 level of probability 
and increases from 28.5 percent planted on April 13 to 35.4 percent on 
the May 21 planting date. Harvest moisture (Table 63) is highly negatively 
correlated with harvest date (-0.94) and decreased with delay in harvest. 
Dry test weight, wet test weight and the change in test weight upon 
drying were all negatively correlated with later planting dates and 
decreased in value with delayed planting. In contrast, these highly 
significant quality factors were positively correlated with harvesting 
date (Table 54) and increased in value when harvested on October 25 
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Table 52. Degrees of freedom, mean squares and F ratio for various 
treatment effects on planting date, harvesting date interaction, 
date of planting and harvesting study, Galva-Primghar Experi­
mental Farm, Sutherland, Iowa, 1973 
Treatment Degrees of Mean 
Factors Freedom Square F Ratio 
Moisture 4 0.89 0.59 
Dry test weight 4 2.92 2.82 
Wet test weight 4 1.44 1.01 
Change in test weight 4 1.07 4.07* 
Wet displacement 4 10.47 3.01 
Dry displacement 4 2.20 0.53 
Change in displacement 4 11.47 1.37 
200 Kernel weight 4 0.52 0.13 
% Physical damage 4 283.46 12.06** 
% Foreign matter 4 22.43 11.65** 
% Breakage 4 20.29 7.65** 
% Large-rounds 4 0.6065 1.28 
% Large-flats 4 0.0455 0.19 
% Medium-rounds 4 5.2572 1.47 
% Medium-flats 4 26.2812 1.15 
% Small-rounds 4 22. 1.18 
% Small-flats 4 3.4533 0.39 
% Residual-rounds 4 2.5063 9.90** 
% Residual 20 
*At the 0.05 level of probability. 
**At the 0.01 level of probability. 
rather than October 5 in 1973. 
Wet test weight is negatively correlated (-0.67) with planting dates 
and decreased from 51.2 Ibs/bu for the April 13 planting date (0.59) and 
increased from 47.5 Ibs/bu when harvested on October 5 to 50.6 Ibs/bu 
when harvested October 25. Dry test weight shows similar characteristics 
to wet test weight. 
Dry test weight appears to be negatively correlated (-0.59) with 
planting date and decreased from 54.4 Ibs/bu on the April 13 planting date 
to 47.9 Ibs/bu on the May 21 planting date. Dry test weight is positively 
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Table 53. Mean values of different planting dates, date of planting and 
harvesting study, Galva-Primghar Experimental Farm, Suther­
land, Iowa, 1973 
Treatment Rep. 1 Rep, 2 Rep. 3 Rep. A Rep. 5 
April 13 April 23 May 5 May 10 May 21 
Yield (bu/a) 139.7 136,8 143.8 139,5 131.8 
% Moisture 28.5 29,8 29.7 31,0 35.4 
Dry test wt, (lbs) 54.4 53.4 52.5 51,6 47.9 
Wet test wt. (lbs) 51.2 50,2 49.5 48,6 45.8 
Change in test wt. 3.2 3,2 3.0 3,1 2,2 
Wet disp. (ml) 164,3 165,3 166.0 167,0 164.7 
Dry disp. (ml) 148,7 146,3 145,7 144.0 133.0 
Change in disp.(ml)15.7 19.0 20.3 23,0 31.7 
200 kernel wt.(gm) 54,8 49.7 50.4 49.0 38.1 
% Damage 20,6 22.2 25.4 29.4 52.1 
% Foreign matter 2.9 3.9 3,7 5.1 8.6 
% Breakage 5,5 8.0 5.7 8.4 12.5 
% Large-rounds 1.3 1.8 2.0 1.3 1.3 
% Large-flats 1.3 2.3 1.4 1.4 1.4 
% Medium-rounds 17,7 17.0 14.3 14.7 15.1 
% Medium-flats 36.6 38.3 37.0 38.8 32.4 
% Small-rounds 35,9 33.1 35,7 35.1 37.4 
% Small-flats 5.6 5,8 7.9 6.5 9.1 
% Residual-rounds 1.5 1.7 1.7 2.2 3.3 
Quality index 41,0 7.0 17,0 -29.0 -168.0 
correlated (0.72) with harvesting date and increased from 49.4 Ibs/bu when 
harvested October 5 to 54.5 Ibs/bu when harvested October 25. The change 
in test weight upon drying shows little effect from date of planting 
until the final planting date where the increase in test weight is 2.2 lbs/ 
bu as compared to from 3.0 Ibs/bu to 3.2 Ibs/bu at other planting datas. 
Change in test weight is positively correlated, (0,82) with harvest date 
and increased from 1.9 Ibs/bu when harvested October 5 to 3,9 Ibs/bu 
harvested October 25. A significant interaction (Table 52) on change in 
test weight upon drying was found between planting date and harvesting 
date indicating that the differences in planting date had an effect on the 
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change in test weight upon drying when harvested at different times. 
The analysis of the displacement data indicates significant differences. 
Wet displacement analysis in Table 50 shows no significant effect of 
planting date differences as indicated in Table 53. However, harvest date 
analysis. Table 51 and Table 54 are highly significant and indicates a 
negative correlation of -0.95 (Table 63). Thus, wet displacement decreased 
significantly with the later harvesting date but was not significantly 
different across the various planting dates. Dry displacement analysis 
in Table 50 shows highly significant effects of planting date. Correlation 
analysis, Table 63, indicates a negative correlation of -0.80 and implies 
that dry displacement decreased from earliest to latest planting dates. 
Table 51 shows a highly significant effect of harvesting date on dry dis­
placement. Dry displacement increased from 142.0 ml when harvested on 
October 5 to 145.1 ml harvested October 25. The change in displacement 
upon drying analysis in Tables 50 and 51 indicates highly significant 
effects from planting date and harvesting date. Data in Table 53 show 
that the change in displacement upon drying increased from 15.7 ml for 
the April 13 planting date to 31.7 ml for the May 21 planting date and 
thus positively correlated as shown in Table 63 . The effect of a later 
harvesting date is negatively correlated (0.80) and ranges from 29.9 ml 
displacement change upon drying when harvested on October 5 to a 14.0 ml 
change when harvested on October 25. 
The 200 kernel weight analysis in Table 50 indicates highly 
significant differences in the effect of planting date showing a 200 
kernel weight of 54.8 gms for the April 13 planting, dropping to from 
49.0 gms to 50,4 gms for the next three planting dates and then dropping 
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to 38.1 gms for the May 21 planting date, expressing a negative 
correlation of -0.78 (Table 63 ). Table 51 analysis shows highly significant 
differences between harvesting dates. As reported in Table 54, 200 kernel 
weight increases from 46.2 gms harvested on October 5 to 50.6 gms harvested 
on October 25. A positive correlation of 0.36 is shown in Table63. 
The percent damage, percent foreign matter and percent breakage analysis 
in Tables 50, 51 and 52 show highly significant differences in the effect 
of planting date, harvesting date and the planting date by harvesting date 
interaction. Percent damage, percent foreign matter, and percent breakage 
all indicate a positive correlation with planting date, 0.56, 0.44, and 0.38, 
respectively as reported in Table 63. Percent damage increased from 20.6% 
on the April 13 planting date to 52,1% on the May 21 planting date. Percent 
foreign matter increased from 2.9% to 8.6% and percent breakage increased 
from 5.5% to 12.5% both from the April 13 to May 21 planting period as 
reported in Table 53. Percent damage, percent foreign matter and percent 
breakage all shew a negative correlation with harvesting date showing 
-0.63, -0.70 and -0.79, respectively as reported in Table 63. Percent 
damage decreased from 41.0% to 18.9% when harvest was delayed from October 
5 to October 25. Likewise, percent foreign matter decreased from 7.6% to 
2.0% and percent breakage decreased from 12.3% to 3.7% as harvest was 
delayed. 
A highly significant interaction on percent damage, percent foreign 
matter and percent breakage was found between planting date and harvesting 
date, indicating that planting date differences have an effect on the 
percent damage, percent foreign matter and percent breakage when harvested 
at different times. 
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Table 54 . Mean values for different harvesting dates, date of planting 
and harvesting study, Galva-Primghar Experimental Farm, 
Sutherland, Iowa, 1973 
Treatment October 5 October : 
Yield (bu/a) 138.33 
% Moisture 38.0 23.7 
Dry test weight (lbs) 49.4 54.5 
Wet test weight (lbs) 47.5 50.6 
Change in test weight (lbs) 1.9 3.9 
Wet displacement (ml) 171.9 159.1 
Dry displacement (ml) 142.0 145.1 
Change in displacement (ml) 29.9 14.0 
200 Kernel weight (gms) 46.2 50.6 
% Damage 41.0 18.9 
% Foreign inatter 7,6 2.0 
% Breakage 12,3 3.7 
% Large rounds 1.8 1.3 
% Large flats 1.8 1.3 
% Medium rounds 16.8 14.7 
% Medium flats 35.8 37.5 
% Small rounds 34.4 36.5 
% Small flats 6.5 7.4 
% Residual rounds 2.9 1.2 
Quality index value -122.0 67.0 
The size-shape analysis in Table 50 showing treatment effects of 
planting dates (replications) indicates a significant difference (0.05) 
in percent medium-round kernels and a highly significant difference (0.01) 
in percent residual-round kernels. Supporting data from Table 53 indicate 
that the percent medium-round kernels was highest (17.7%) for the April 13 
planting date and lowest (14.3%) for the May 5 planting date. The percent 
residual-rounds was lowest (1.5%) for the April 13 planting date and 
highest (3.3%) for the May 21 planting dace. 
The size-shape analysis in Table 51 showing treatment effects of 
harvesting dates shows a significant difference (0.05) in percent large-
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round kernels. A highly significant difference (0.01) is shown in percent 
large-flats,percent medium-rounds and percent residual-rounds. Supporting 
data from Table 54 showing the mean values for two harvesting dates, 
October 5 and October 25, show a higher percentage of these kernel sizes 
when harvested early. The percent large-round kernels and large-flat 
kernels was 1.8% harvested early and 1.3% harvested late. The percent 
medium-rounds was 16.8% harvested early and 14.7% harvested later. Also, 
the percent residual-round kernels was 2.9% for the early harvest and 1.2% 
harvested late. 
The analysis of the interaction between planting dates and han/esting 
dates shown in Table 52 indicates a highly significant (0.01) interaction 
with the percentage of residual-round kernels. This indicates from data 
shown in Tables 53 and 54 that later planting dates and the earlier 
harvesting date result in a higher percentage of residual-round kernels. 
This is supported by correlation analysis (Table 63) showing a significant 
negative correlation (-0.66) between percent residual-round kernels and 
harvesting date and a significant positive correlation (0,46) betv/een 
percent residual-round kernels and planting date. Also, a positive 
correlation (0.80) between percent residual-round kernels and percent 
harvest moisture indicating that later planting dates and earlier harvest­
ing dates have a higher percent residual-round kernels. 
Highly significant correlation coefficients between percent residual-
round kernels and other factors (Table 53) are: wet test weight (-0.91); 
dry test weight (-0.84) and change in test weight upon drying (-0.81), 
indicating the higher the percentage residual-round kernels, the lower 
the wet and dry test weight and change in test weight upon drying. 
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Likewise, highly significant correlation coefficients were found for wet 
displacement (0.60), dry displacement (-0.64) and change in displacement 
upon drying (0.79) and 200 kernel weight (-0,68). This indicates that 
wet displacement and change in displacement values increased and dry 
displacement and 200 kernel weight values decreased as the percent 
residual-round kernels increased. Correlations for percent physical 
damage (0.92), percent foreign matter, (0.94) and percent breakage (0.92) 
indicate that these physical quality factors increase as the percent 
residual-round kernels increase. 
A quality index (QI) was calculated for data in Table 53 and Table 
54 to determine changes in quality as planting date and harvesting date 
changed. Averaging across harvesting dates (Table 53) the QI decreased 
from +41 on the April 13 planting date to -168 for the May 21 planting 
date. Harvest moisture increased from 28.5% for the first planting to 
35.4% for che later planting. The latter planting date represents 
extremely poor quality corn low in test weight and high in percent 
physical damage, percent foreign matter and percent breakage. Averaging 
across planting dates, the quality index greatly increased from -122 
for the October 5 harvesting date (Table 54) to +67 when harvested 
October 25. By delaying harvest 20 days to the October 25 date, dry test 
weight improved from 49.4 Ibs/bu to 54.5 Ibs/bu, damage decreased from 
41.0% to 18.9%, foreign matter decreased from 7.6% to 2.0% and breakage 
decreased from 12.3% to 3.7%. Harvest moisture was 38% on the October 5 
harvest and 23.7% on the October 25 harvest date. 
The percent large-round, large-flat and medium-round kernels sizes 
were higher on the October 5 harvest than on the October 25 har^/est, 
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whereas the percent small-round and small'-flat kernels were less when 
harvested on the earlier date. This data agrees with the effect of 
kernel size and shape on the quality index. 
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V. CONCLUSIONS AND SUMMARY 
The objective of this study was to determine the range of genotypic 
physical quality differences of com grain. Com grain samples from 
varieties largely of unknown parentage grown in District 2 and District 5 
of the 1971 Iowa Com Yield Test and single crosses of known parentage from 
the 1971 and 1972 south central single cross comparisons of the Iowa 
Experimental Com Trials were evaluated for variables relating to physical 
quality differences between lines. Corn grain samples from a 1973 date 
of planting and date of harvesting study were evaluated to determine the 
effect of these variables on the physical quality of com grain. 
From the data collected and its analysis reported in the Results and 
Discussion section, the following conclusions can be made. 
A. Conclusions 
1. Yield 
Normally yield is not correlated with physical quality factors. However, 
when genotypes fail iro rearVi physiological maturity dus to drought, early 
frost, or harvesting at an immature stage, yield may be correlated with 
physical quality factors. Under conditions of late season drought, early 
genotypes may mature, have higher yields and test weights and less 
physical damage, foreign matter and susceptibility to breakage than full 
season genotypes. Conversely, for a full season genotype an early frost or 
harvesting too early may result in lower yields, lower test weight and 
more physical damage, foreign matter and greater susceptibility to breakage. 
2. Harvest moisture and test weight 
Har-^est moisture percentage is consistently correlated with physical 
quality factors. High harvest moisture in com grain results in low wet 
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and dry test weight values. The change in test weight on drying is greater 
at high harvest moisture percentages if physical damage to the kernel is 
not excessive. At high moisture percentages, percent physical damage, 
percent foreign matter, and percent breakage tend to be higher, but may 
be affected by genotypic differences and size and shape of kernel. The 
combined effect of the above causes harvest moisture levels to have a 
pronounced effect on the quality index (QI) and thus the physical quality 
of corn grain. 
Delay in planting and/or harvesting too early may result in unacceptable 
harvest moisture levels. This results in lowering the physical quality of 
corn grain by decreasing test weight values which is in agreement with 
Shepherd's (60) findings. Also, increasing physical damage, foreign matter 
from mechanical harvesting and increasing susceptibility to breakage from 
further handling of the grain may occur from late planting or early harvest­
ing of a genotype. 
with one exception, ail genotypes tested in iy/i-/Z at all locations 
and environments improved in test weight on drying and exceeded 54 pounds 
per bushel test weight, the USCA grade standard for No. 2 com grain (71). 
Data from 1971-72 show that the lower the harvest moisture (wet) test 
weight, the greater the improvement in test weight on drying. Wet test 
weight values taken at harvest moisture levels poorly represents the 
quality of com grain. The increase in test weight on drying of nearly all 
genotypes tested clearly indicates that no discount should be made on corn 
grain produced in Iowa that reaches physiological maturity. Any discount 
levied is an additional discount for excessive harvest moisture levels. 
These findings are in agreement with Duncan (21). 
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Dry test weight represents a measure of the soundness and density of 
com kernels. It Is lowered when excessive physical damage occurs to the 
kernel. Dry test weight is lower for large kernel sizes and higher for 
small kernel sizes due in part to greater density per unit of volume for 
smaller kernels. 
As harvest moisture levels Increase, there is a corresponding increase 
in change in test weight from drying. The change in test weight on drying 
is greater for genotypes high in harvest moisture. This results from a 
higher coefficient of friction between kernels at high harvest moisture 
levels as found by Hall and Hill (31). The higher coefficient of friction 
results from greater cohesion due to higher surface moisture levels. 
Surface moisture levels decrease with drying and the com kernel hardens 
resulting in reduced friction between kernels allowing less air space 
between kemels and thus increased density per unit of volume. 
3. Physical quality factors 
The physical quality factors, percent physical damage, percent foreign 
matter and percent breakage are positively correlated with each other and 
are a measure of similar physical damage factors. Genotypes with low 
percent physical damage and low percent breakage often have high dry test 
weight values. This Implies that genotypes with low physical damage and 
lev breakage percentages result in more compact, closely fitting kernels 
with less air space will have higher dry test weights. 
The wide disparity between com grain damage, as described in the USDA 
grade standards (71) and physical damage, as evaluated in this study, causes 
misunderstandings and potential loss of markets because the official grading 
standards do not recognize the importance of physically damaged com and its 
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relationship to mold damage and increased foreign material. These findings 
are in agreement with findings of Anderson (4), Saul and Steele (59), 
Foster (27) and Bailey (9), 
4. Pericarp thickness 
Although significant differences in pericarp thickness between genotypes 
evaluated were found, there was no conclusive evidence to show that thick­
ness of the pericarp had any effect on the physical quality factors of corn 
grain. 
5. Kernel size-shape factors 
Entries from genotypes with large kernels tend to have lower test weights 
than entries with smaller kernels. Larger kernel size entries increase in 
test weight more on drying than entries containing smaller kernel sizes. 
This trend is partially affected by harvest moisture levels. Correspond 
ingly, entries with large kernel sizes tend to shrink more on drying than 
genotypes with small kernel sizes. Large kernel genotypes sustain more 
physical damage to the kernel than small kernel genotypes. 
6. Quality index and genotypic differences 
The quality index (QI) may offer a method to determine differences in 
market quality of com grain. While it is highly empirical, it effectively 
correlates the major quality factors (dry test weight, percent physical 
damage, percent foreign matter and percent breakage) into a single index 
for quality comparisons. The quality index, although affected by harvest 
moisture levels resulting from delayed planting or harvesting too early 
for maturity, effectively indicates that genotypic differences in inbreds 
contribute greatly to the physical quality of a single cross. The inbreds 
B57, PA887P, N28, B45 and B37, consistently contributed to low physical 
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quality of com grain based on the quality index. These inbreds, when 
included in a single cross, were consistently above average in harvest 
moisture. The inbreds (IA2EARSYN//l)C2-15, Q98-10-l-4-l-l-l(B79), B14A, 
B74, CBS#l(C3-87) and (CBS#lC4)SSS(-7) consistently increased the physical 
quality of com grain. These inbreds, when included in a single cross, 
were near or below average in harvest moisture. 
B. Summary 
This three year study to determine the range of genotypic physical 
quality differences of com grain resulted in the following conclusions: 
1. Normally, yield is not correlated with the physical quality 
factors; percent physical damage, percent foreign matter, percent breakage 
or dry test weight. 
2. Harvest moisture percentage is consistently positively correlated 
with the physical quality factors; percent physical damage, percent foreign 
matter and percent breakage. 
3. Harvest moisture in com grain is negatively correlated with wet 
and dry test weight. Thus, high harvest moisture in corn grain results in 
low wet and dry test weight values. 
4. The change in test weight on drying is greater at high harvest 
moisture percentages than at lower moisture levels. 
5= Delay in planting and/or harvesting corn gcain too early results 
in lower test weight values and greater physical damage, more foreign 
material and increased susceptibility to breakage, which lowers the 
physical quality of corn grain. 
6. With one exception, all genotypes tested in 1971-72 improved in 
test weight on drying and exceeded 54 pounds per bushel, the USDA grade 
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standard for No. 2 com grain. The increase in test weight on drying 
of nearly all genotypes tested clearly indicates that no discount should 
be made on com grain produced in Iowa that reaches physiological maturity. 
7. The physical quality factors, percent physical damage, percent 
foreign matter and percent breakage are positively correlated with each 
other and are a measure of similar physical damage factors. 
8. No conclusive evidence was found that pericarp thickness had any 
effect on physical quality factors of corn grain. 
9. Although affected by harvest moisture levels, the quality index 
(QI) offers a method to determine differences in market quality of com 
grain. 
10. Genotypic differences in inbreds contribute greatly to the physical 
quality of single crosses. 
1.  
2 .  
3. 
4. 
5, 
6 
1 .  
8 
9 
10 
11 
12 
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Table 55a. Entry names and corresponding entry numbers to identify 
adjusted treatment means data in Table 55b 
Entry Name No. Entry Name No. 
Funks G4444 1 Funks G4292 29 
Cornelius C36SX 2 Crows 226 30 
Trojan TXS94 3 Trojan TXS95 31 
Middlekoop M302A 4 Pioneer 3579 32 
O's Gold SXllOl 5 A239 X B59 33 
ACCO UC2301 6 Pioneer 3667 34 
F522 X A239 7 Coop T-207 35 
Funks 05 20 7 8 Stull 620SX 36 
Pioneer X 7541 9 Pioneer 3784 37 
Renk R234 10 Moews SM220 38 
Cornelius SX36A 11 Coop S-201 39 
Trojan TXS102 12 Pioneer 3715 40 
Pioneer 3582 13 ACCO UC3301 41 
Thompson 2100 14 PAG SX76 42 
Pioneer 3571 15 Trojan TXS105 43 
Renk R95 16 ACCO UC3300 44 
Trojan TX99 17 Coop 5-205 45 
Pioneer 3773 18 Trojan TXS109 46 
O's Gold SX900 19 DeKalb X L44 47 
Renk RK44 20 Trojan TX102 48 
Tracy T206 21 A619 X R182 49 
Thompson 2110 22 O's Gold SXllOO 50 
SAR SX-200 23 Pioneer 3594 51 
DeKalb X L45A 24 SAR SX-132 52 
A619 X B59 25 Funks G4252 53 
Moews SM229 26 Trojan TXS104 54 
ACCO UC1901 27 Trojan TXS99 55 
Stull 627TX 28 Funks G4360 56 
Table 55b. Adjustment treatment means, Dist. 2, Iowa Corn Yield Test, 1971 
Entry Yield 
No. bu/ac 
Moist. Dry TW Wet TW Ch.TW Wet Disp. Dry Disp. Ch.Disp. 
% Ibs/bu Ibs/bu Ibs/bu ml. ml. ml. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
7X 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
106.1 
103.4 
85.7 
105.2 
106.4 
94.2 
99.7 
84.3 
111.3 
88 .7  
84.8 
105.4 
103.2 
94.7 
107.4 
78.1 
96.2 
90.9 
90.9 
98.4 
102.0 
102.0 
112.0 
97.8 
108.3 
104.0 
81. Ô 
91.5 
78.8 
112.2 
70.8 
98 .8  
94.7 
93.2 
107.6 
94.0 
93.3 
102.3 
98 .6  
92.2 
21.9 
2 2 . 0  
19.4 
21.4 
20.6  
19.3 
2 0 . 8  
2 2 . 8  
25.6 
19.6 
25.7 
22.5 
2 2 . 6  
21.3 
25.5 
18.6  
19.1 
2 2 . 2  
2 2 . 2  
21.4 
2 2 . 0  
2 2 . 0  
22.4 
25.1 
24.7 
22.9 
18.9 
22.4 
21.7 
23.5 
19.8 
22.7 
21.5 
2 0 . 6  
23.9 
24.4 
19.1 
17.8 
22 .5  
22.5 
55.5 
55.4 
58 .9  
58.6 
58.7 
58 .4  
58.1 
56.7 
54.9 
57.0 
55.7 
54.9 
55.0 
58.7 
54.2 
57.7 
58.7 
55.9 
55.9 
58.7 
54.6 
55 .8  
57.0 
54.2 
55.6 
56.7 
57 .1  
56.3 
56.0 
59.4 
55.9 
56.4 
56.3 
55.5 
56 .9  
58.1 
57.5 
55.6 
56.0 
51.8 
51.8 
56.0 
54.9 
55.3 
55.5 
54.3 
53.0 
50.9 
54.4 
51.6 
51.2 
50.9 
55.0 
49.9 
55.2 
55.7 
52.8 
52.8 
54 .8  
51.0 
52.0 
51.1 
52.6 
50 .3  
51.6 
53.9 
53.7 
52.6 
52.2 
56 .7  
51.6 
52 .8  
53.1 
51 .2  
52 .2  
55.3 
55.2 
51.9 
52.0 
3.8 
3.6 
2.9 
3.7 
3.4 
2.9 
3.7 
3.6 
4.1 
2 . 6  
4.2 
3.7 
4.1 
3.6 
4.4 
2 . 6  
3.0 
3.0 
3.0 
3.9 
3.5 
3.8 
4.2 
4.3 
4.0 
4.0 
2 . 8  
3.4 
3.8 
3.8 
2.7 
4.3 
3 .6  
3.2 
4.3 
4.7 
2 . 8  
2 . 2  
3.7 
4.0 
149 .3  
144 .9  
144.5 
145.5 
146.0 
142.6 
142.8 
143.1 
150.5 
143.4 
150.1 
148.6 
146.9 
142.4 
149.3 
141.7 
144.0 
150.0 
150.0 
143.5 
146.5 
147.5 
1  c n  n  
146.7 
154.0 
152 .9  
144.4 
146.0 
146.2 
151.3 
144.2 
149.4 
151.8 
148.4 
148.7 
148.6 
150.1 
145.5 
149.6 
146.8 
141.3 
138.0 
139.2 
137.8 
137.3 
137.4 
135.2 
136.3 
142.2 
137 .9  
141.2 
140.7 
139.0 
136.5 
138 .4  
136.7 
139.3 
143.6 
143.6 
136 .7  
140.0 
141.4 
140.1 
138.9 
145 .9  
143.5 
138.7 
139.0 
138 .6  
142.9 
138.9 
141.1 
144 .2  
142.7 
139.6 
140.0 
143 .3  
141.0 
142.3 
140.4 
8.1 
6.8 
5.4 
7.7 
7.0 
5.1 
7.4 
6.5 
8.5 
5.6 
8 . 8  
7.4 
8.0 
5 .8  
10.8 
5.0 
4.5 
6.4 
6.4 
6 .9  
6.5 
6.0 
10,7 
7.6 
8.7 
9.5 
5.4 
7.1 
7.8 
8.5 
5.1 
8.3 
7.7 
5.7 
9.1 
8 .3  
6.5 
4.8 
7,3 
6.5 
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200 F.M. Damg. Brkg. Lg. Lg. Med. Med. Sm. Sm. Res. 
KW % % % Ends. 
% 
Fits. 
% 
Ends. 
% 
Fits. 
% 
Ends. 
% 
Fits. 
% 
Ends. 
45.7 0.9 13.3 3.9 1.6 3.9 13.5 33.2 32.0 10.6 5.4 
41.3 0.9 13.4 3.2 0.8 1.8 11.2 23.4 38.6 14.6 9.3 
45.1 1.2 20.2 4.1 0.6 1.5 13.1 20.4 45.7 9.6 9.4 
43.7 0.8 15.4 3.4 0.5 1.2 11.1 15.2 48.5 12.0 11.7 
42.7 0.8 15.6 3.3 0.6 1.0 12.7 14.6 49.3 8.0 14.4 
42.7 1.2 19.8 4.1 0.3 0.7 9.5 15.6 49.1 9.9 14.3 
40.0 1.1 15.6 3.8 0.8 1.4 9.7 13.7 47.7 10.4 16.3 
41.4 1.2 16.5 4.3 0.7 1.6 12.1 20.7 39.5 12.0 13.2 
46.7 1.3 24.5 6.7 1.3 1.8 14.1 21.0 41.7 10.2 10.3 
43.0 1.3 19.9 6.4 1.4 3.1 13.2 23.9 34.1 13.2 10.9 
46.1 1.3 17.5 6.2 3.2 4.8 17.7 27.3 30.4 9.7 7.2 
44.7 0.8 14.6 3.6 1.3 3.2 13.1 30.4 33.9 12.5 5.9 
43.7 0.8 15.0 4.9 1.0 14.7 10.0 41.3 16.4 10.9 5.5 
42.2 0.7 13.2 2.5 1.0 0.8 6.8 8.4 52.8 9.2 21.6 
43.2 1.4 21.4 5.8 0.9 2.7 10.9 31.1 27.0 19.9 7.0 
41.7 1.2 18.6 4.8 0.8 1.5 13.4 15.5 44.7 8.7 15.3 
44.9 1.2 20.2 3.4 0.7 2.3 11.2 24.7 41.4 9.9 9.3 
48.5 1.1 23.0 5.1 2.9 14.2 17.7 36.4 18.4 5.2 5.3 
44.6 1.3 19.2 5.3 1.1 2.8 13.6 26.4 34.1 12.5 9.5 
42.3 0.8 15.0 2.8 0.4 0.8 8.9 11.1 52.3 8.3 18.3 
39.6 0.8 14.0 4.0 0.9 1.6 12.1 29.1 34.6 15.1 6.6 
45.5 0.9 15.0 3.9 0.9 2.7 12.5 26,4 38,2 11=8 7:1 
44.5 0.5 14.8 3.1 1.0 2.4 12.6 32.2 33.3 12.9 6.4 
45.1 1.1 20.7 5.0 1.5 3.3 13.8 31.4 31.3 12.0 6.2 
50.1 0.9 17.4 5.3 2.4 13.7 15.5 39.2 19.6 5.3 3.6 
58.1 0.7 14.1 3.5 1.7 4.4 17.0 36.0 27.9 8.3 5.0 
44.0 1.2 18.9 5.0 0.8 3.8 12.6 27.7 34.6 12.1 8.6 
44.3 0.9 16.8 4.0 0.9 1.4 12.9 21.5 41.1 11.5 10.8 
43.5 1.2 15.4 4.6 1.2 2.9 14.7 25.0 36.2 11.6 8.5 
47.9 0.8 15.9 4.3 1.3 2.6 18.5 29.6 35.2 7.1 5.4 
45.9 1.2 18.9 3.8 1.0 2.6 14.1 28.8 32.4 11.5 9.8 
46.4 0.9 18.1 4.5 1.5 18.3 10.3 43.4 14.3 8.1 4.1 
49.2 0.9 16.2 4.2 1.6 9.6 15.0 41.7 23.0 5.1 4.2 
48.3 1.1 19.0 5.8 2.5 10.7 16.1 36.5 22.0 7.2 5.2 
45.1 1.0 17.6 4.5 1.5 5,3 16,1 35.2 27.4 8.5 5.8 
43.8 0.8 14.0 3.4 0.9 1.1 11.7 17.5 44.9 12.2 11.2 
49.7 1.1 21.3 5.7 2.5 6.5 23.2 32.8 24.5 5.5 4.8 
46.2 1,0 17.3 4.3 0.7 1.6 16.3 19.6 49.3 4.4 8.4 
46.5 0.8 15.5 3.5 1.3 4.0 13.5 34.8 31.5 9.7 5.2 
47.1 1.0 17.3 4.1 1.5 13.2 11.4 41.9 18.1 8.8 5.3 
Table 55b continued 
Entry Yield Moist. Dry TW Wet TW Ch.TW Wet Disp. Dry Disp. Ch.Disp. 
No. bu/ac % Ibs/bu Ibs/bu Ibs/bu ml. ml, ml. 
41 99.5 23.8 55.7 51.5 4.1 150.3 140.5 9.4 
42 78.7 21.1 58.2 55.4 2.8 141.6 136.9 4.9 
43 104.5 20.9 58.4 54.3 4.1 149.4 141.6 7.3 
44 105.7 22.5 56.0 52.1 3.9 148.3 141.6 6.8 
45 104.8 25.9 55.3 51.0 4.3 149.5 141.6 8.1 
56 85.5 25.6 56.4 51.6 4.7 150.1 141.0 9.8 
57 104.3 26.4 58.0 53.5 4.5 151.1 141.8 9.4 
48 96.8 21.6 57.2 53.8 3.5 146.4 139.8 6.7 
49 110.8 25.1 56.5 52.1 4.5 151.6 143.6 8.1 
50 101.3 20.6 58.6 55.2 3.4 143.1 136.3 6.2 
51 100.9 22.0 54.9 51.5 3.4 146.0 139.3 6.7 
52 101.6 22.3 55.6 51.9 3.7 147.5 139.9 7.9 
53 81.1 18.9 58,3 55.5 2.8 145.8 141.2 4,7 
54 109.8 23.4 55.5 51.1 4.3 150.5 142.2 8.2 
55 93.4 19.2 55.9 54.8 2.8 153.1 145.9 7.1 
56 85.1 23.6 57.7 53.3 4.4 148.3 140.7 7.4 
Avg. 97.0 22.0 56.7 53.1 3.6 147.1 140.2 7.2 
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200 F.M. Damg. Brkg. Lg. Lg. Med. Med. Sm. Sm. Res. 
KW % % % Rnds. 
% 
Fits. 
% 
Rnds. 
% 
Fits. 
% 
Rnds. 
% 
Fits. 
% 
Rnds. 
% 
46.1 0.8 14.6 3.6 1.4 2 .6  15.3 26 .6  36.8 11.1 6.3 
43 .0  1.5 22 .0  6.9 0.4 0.6 9.3 21.3 39.2 18.7 1G.7 
49 .4  0.9 18.1 5.4 1.9 5.0 19.5 24.9 35.3 6.2 6.6 
46.4 0.8 14.1 3.4 1.1 2.3 14.9 27.2 36.4 11.5 6.6 
46.0 0.9 17.7 4.0 1.4 5.4 14.2 41.3 21.2 12.1 4.6 
45.6 0.7 14.0 3.9 1.2 1.8 17.6 19.3 46.9 6.4 6.5 
47.9 1.2 21.9 5.7 2.3 12.5 18.4 41.3 16.5 8 .8  5.1 
45.8 1.8 18.2 4 .8  1.0 2 .2  13.9 23.3 40.1 10.2 9.7 
49.1 0.7 17.8 4.3 1.7 6 .4  13.5 42.6 20.5 11.9 3.5 
42.9 0.8 13.4 3.2 0.5 0.9 8.9 12.5 50.7 9.4 17.1 
44.3 1.7 26.7 5.2 1.8 9.6 12.0 43.2 18.1 9.7 5.6 
40.2 0.8 13.7 4.3 1.8 2.6 13.1 25.6 39.0 11.3 7.1 
47.0 1.1 20.0 4.5 1.4 1.7 15.8 20.0 42.4 7.3 11.4 
43.2 0.8 17.3 3.6 1.0 3 .6  10.9 39.3 20.5 19.4 5.4 
54.0 1.0 19.2 6.9 7.1 12.5 28.1 28.7 17.0 3.0 3.7 
56.8 1.2 19.1 4.2 1.1 2.3 16.3 27.0 36.3 9.2 7.7 
45 .2  1.0 17.5 4,4 1.3 4.4 13.8 27.7 34.2 10.2 8 .4  
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Table 56a. Entry names and corresponding entry numbers to identify 
adjusted treatment means data in Table 56b 
Entry Name No. Entry Name No. 
Funks G4360 1 Iowa State M116 42 
McAllister SX7001 2 ACCO UC3301 43 
Coop S-3C4 3 Super Crost S29 44 
Middlekoop M35a 4 Moews SM438 45 
Cornelius C66SX 5 Trojan TXS116 46 
Hulting X537 6 DeKalb XL66 47 
Trojan TXS102 7 ACCO U378 48 
PAG SX7 8 B73 X M017 49 
Pioneer 3369A 9 Cornelius 373X 50 
O's Gold SX3104 10 Middlekoop M310 51 
Pioneer 3376 11 Cornelius SX36A 52 
Trojan TXS113 12 PAG SX21 53 
Pioneer 3387 13 Trojan TXllO 54 
B37 X B70 14 ACCO UC8500 55 
Middlekoop M306 15 Stull 400W 56 
O's Gold SX2101 16 Pride R728 57 
ACCO UC8851 17 ACCO UC8800 58 
Pioneer 3388 18 Maygold X22 59 
Corn King 1155 19 Stull 6205X 60 
O's Gold SX3200 20 B37 X M017 61 
B14A X B75 21 McAllister 7075 62 
Iowa State SX-12 22 Pioneer 3518 63 
McAllister SX6584 23 Hulting X9861 64 
Crows 226 24 DeKalb XL45A 65 
Trojan TXS119 25 Stull 720SX 66 
Halting X770 26 Pioneer 3390 67 
Hulting X8775 27 McAllister 6837 68 
Trojan TXS104 28 O's Gold TX104 69 
Stull 5bOW 29 Stull 350W 70 
B14A X B74 30 Cornelius 383X 71 
Trojan TXS118 31 Pride R771 72 
Pioneer 3570 32 Middlekoop M302A 73 
Maygold X23 33 Trojan TXS106 74 
Middlekoop M313 34 Middlekoop M42 75 
Moews SM321W 35 Funks G4444 76 
Trojan XXilS 36 DeKalb XL347 77 
Middlekoop M300 37 Stull 707SX 78 
Hulting X9770 38 Pioneer 3571 79 
Super Crost S65 39 Hulting X2772 80 
Pioneer 3431 40 PAG SX53 81 
Super Crost S69 41 
Table 56b. Adjusted treatment means, District 5, Iowa Com Yield Test, 1971 
Entry Yield Moist. Dry TW Wet TW Chg.TW W.Disp. D.Disp. Ch.Disp, 200 K 
No. bu/a % Ibs/bu Iba/bu Iba/bu ml. ml. ml. gms 
1 121.3 19.7 59.1 57.3 1.8 151.4 147.1 4.5 56.0 
2 156.4 21.6 59.6 56.6 3.1 151.7 145.7 5.8 54.4 
3 140.9 23.9 55.1 52.1 3,0 161.1 152.2 9.0 60.1 
4 156.8 21.3 59.6 56.7 2.9 150.6 143.9 6.8 52,6 
5 157.9 21.7 59.6 56.5 3.1 151.7 145.4 6.3 54.3 
6 136.0 17.7 59.4 57.7 1.7 145.6 142.5 3.0 49.7 
7 137.7 18.8 57.2 55.3 1.8 154.7 149.0 5 .8  56.7 
8 153.2 20.3 56.6 53.6 2.9 153.1 148.1 5.0 56.0 
9 149.7 23.5 57.2 53 .7  3.5 161.3 152.7 8.7 61.6 
10 140.3 19.1 59.3 57.0 2.3 153.4 148.6 4.9 57.9 
11 140.9 23.1 55.0 52.0 3.0 154.7 147.1 7.6 53.3 
12 158.1 23.1 57.6 54 .2  3 .2  157.4 149.0 8 .2  58 .2  
13 152 .8  22.4 59.0 55.9 3.1 151.7 145.8 5.9 54.4 
14 165.6 22.2 58.8 55.6 3.1 154.9 147.0 8.0 56.0 
15 159.6 25.7 56.5 52 .4  4.1 165.8 155.3 10.8 65.8 
16 135.2 18.7 58 .7  56.7 1.9 149.4 146.0 3.5 54.4 
17 151.8 21.9 57.3 54.3 3.0 158.6 151.1 7.4 60 .1  
18 152.2 21.8 59.0 56.3 2.7 148.1 143.5 4.4 51.6 
19 144.2 24.5 54.8 51.8 3.1 161.1 150.9 10.1 57.9 
20 158.3 21.9 59.4 56.0 3.4 152.4 146.2 6.2 55.2 
21 139.7 20.5 57.9 55.3 2.7 159.8 153.3 6.7 62.1 
22 137.7 18.4 58.1 56 .2  1.9 153.2 147.4 5.8 57.4 
23 139.8 23.6 55.3 52.2 3.1 160.6 150.9 9.3 58.6 
24 136.0 19.4 37.9 35.3 2.0 155.3 145.3 5.6 37.9 
25 158.5 26.8 56.3 52 .5  3.9 163.9 153.1 11.4 62.3 
26 156.8 19.7 56.8 54.1 2.6 154.8 147.4 7.6 55.7 
27 151.0 22.2 57.6 54.8 2.8 158.9 150.9 8.1 59 .5  
28 139.9 21.2 57.1 54.4 2.6 155.8 149.6 6.1 58.6 
29 127.1 29.2 55.3 51.4 3.9 157.5 146.9 9.7 54.8 
30 132.1 21.7 57.1 54 .2  2.9 163.0 154.6 8.4 63.5 
31 137.5 24.4 55.7 52.6 3.1 163.0 150.6 12.4 58.1 
32 141.0 20.6 57.3 54. S 2.4 150.7 144.6 6.1 52.1 
33 139.9 24.3 55.1 51.6 3.4 158.0 149.0 9.3 56.1 
34 151.5 19.3 56.6 53.8 2.8 155.7 148.5 7.2 56.7 
35 113.4 22.7 55.9 52.5 3.5 158.0 150.7 7.2 59.1 
36 127.8 23.2 57.3 54.1 3.3 160.1 150,2 9.7 59.9 
37 131.9 17.3 60.1 58.3 1.7 150.8 145.6 5 .2  54 .4  
38 137.2 19.0 55.6 53.4 2.3 154.9 148.9 6.1 56.5 
39 136.8 22.2 59.4 56.4 3.1 152.4 145.9 6.6 54.6 
40 143.0 22.3 56.9 54.3 2.7 151.1 144.2 6.9 51.4 
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P.M. 
% 
Damg. 
% 
Brkg. 
% 
Lg. 
Rnds. 
% 
Lg. 
Fits. 
% 
Med. 
Rnds. 
% 
Med. 
Fits. 
% 
Sm. 
Rnds. 
% 
Sm. 
Fits. 
% 
Res. 
Rnds. 
% 
1.0 19.8 1.6 2.0 4.2 19.2 35.6 29.2 6.5 3.3 
0.7 13.6 1.0 1.2 4.6 11.9 46.9 23.1 9.7 2.7 
0.9 23.9 2.3 6.3 12.5 29.1 31.4 16.8 1.8 2.3 
0.7 13.5 1.4 0.7 2.9 12.7 42.5 28.3 9.9 2.7 
0.7 12.6 1.3 1.2 4.2 11.7 45.6 24.4 10.2 2.7 
1.2 21.5 2.0 1.1 1.8 13.6 21.4 44.6 10.4 7.0 
0.8 16.6 1.7 1.9 0.2 18.9 42.2 28.7 5.1 2.7 
0.8 16.5 1.6 2.3 4.8 13.7 38.1 29.2 8.5 3.4 
1.0 18.0 2.7 4.5 45.6 13.2 27.7 5.8 1.3 2.1 
0.9 16.3 1.7 2.9 6.4 20.4 35.4 26.5 4.9 3.5 
1.1 19.0 2.3 3.7 13.3 12.3 47.8 12.5 7.3 2.8 
0.9 16.5 1.9 2.7 12.4 12.9 49.1 13.8 6.8 2.6 
1.0 17.1 1.8 1.5 4.8 16.4 37.3 29.8 6.2 3.8 
1.3 21.1 2.1 2.4 20.3 13.9 44.8 11.2 3.6 3.8 
0.9 20.2 2.0 8.0 21.1 16.5 39.0 10.7 2.6 2.0 
0.9 15.6 1.3 1.5 4.4 14.9 34.4 30.3 10.4 3.8 
1.1 20.6 2.1 5.7 19.2 22.8 33.2 14.2 1.9 2.8 
0.9 15.8 1.3 1.0 3.7 11.7 33.9 33.1 11.8 5.2 
1.1 22.9 2.3 5.5 10.6 29.0 33.0 18.0 1.6 2.4 
0.8 13.7 1.2 1.0 5.1 12.6 43.9 26.0 9.2 2.6 
1.0 23.8 1.8 5.3 8.8 30.2 30.0 21.1 1.7 2.9 
1.0 19.2 1.6 2.3 4.1 17.5 39.3 26.1 7.2 3.3 
1.2 22.6 2.4 6.5 9.5 32.3 32.0 15.2 1.8 2.5 
1.0 17.0 2.1 3.2 7.0 23.9 34.3 26.2 2 : 1  2.9 
1.0 20.7 2.0 6.6 19.5 16.5 38.2 13.7 8.1 2.3 
1.2 20.7 2.1 1.9 16.5 13.3 46.7 12.7 5.4 3.7 
1.1 21.2 2.6 6.3 19.2 23.6 32.1 14.0 2.1 2.9 
0.8 15.9 1.7 1.7 6.4 12.5 51.7 16.2 9.2 2.5 
1.6 24.1 2.8 4.2 17.7 17.1 28.8 14.2 4.2 3.6 
0.9 19.2 1.9 8.6 20,9 28.0 33.9 9.6 1.9 2.1 
1.0 23.9 2.2 6.0 11.9 32.4 28.6 16.9 1.9 2.4 
1.2 18.5 1.9 1.5 3.1 11.3 39.2 25.5 14.7 5.0 
0.9 20.0 2.4 3.7 16.2 12.9 45.8 12.8 5.8 2.5 
1.2 18.4 2.2 2.5 16.1 12.4 47.1 12.7 5.8 3.5 
1.0 19.0 2.1 5.5 21.3 15.5 38.0 12.2 4.9 2.7 
1.1 17.6 1.9 5.1 13.2 20.2 36.9 17.6 3.8 3.2 
1.1 20.7 2.4 1.9 3.7 18.5 27.1 36.9 6.3 5.7 
1.3 22.5 2.2 3.5 16.0 16.9 40.5 14.8 4.6 3.7 
0.8 12.7 1.5 1.4 4.7 13.5 44.9 23.8 9.2 2.7 
1.1 19.4 2.1 1.4 6.1 13.5 33.8 29.5 10.1 5.7 
Table 56b continued 
Entry Yield Moist. Dry TW Wet TW Chg.TW W.Disp. D.Disp. Ch.Disp, 200 KW 
No. bu/a % Ibs/bu Ibs/bu Ibs/bu ml. ml. ml. gms. 
41 130.1 23.1 57.9 54.2 3.7 136.8 149.2 7.7 58,5 
42 162.5 21.7 59.7 56.6 3.0 151.2 145.6 5.5 54.9 
43  137.4 18.4 58.1 55.9 2.1 153.0 148.2 5.0 56.4 
44 144.4 17.4 60.2 57.7 1.7 147.7 143.1 4,5 51.7 
45 141.9 21.4 56.7 54.1 2.7 156.1 149.5 6.6 57.5 
46 164.1 25.2 56.3 52 .1  4,2 156.8 147.1 9.8 54.9 
47 155.3 22.4 58.8 55.3 3.5 155.1 148.6 6 .5  58.0 
48 152.1 23.0 56.8 53 .7  3,1 158 .7  150 ,5  8.3 59.4 
49  140.7 23.0 47.2 54.1 3.1 159.0 150,4 8 .5  58 .8  
50 139.5 18.7 59.9 58.1 1.8 150.1 146,4 3.4 55.2 
51 143.2 20.1 58.9 56.5 2.3 152.7 148.1 4.6 57.4 
52 134.3 21.9 57.9 55.0 3.0 153.1 148.6 4.5 57.2 
53 127.1 21.8 56.9 53.6 3.3 159.9 151.9 8.2 60.7 
54 143.4 20.9 59.4 56.7 2.7 152.8 148.0 4.9 56.9 
55 134 .7  21 .2  59.0 56.2 2,8 151.4 145.7 5.5 55 .1  
56 131.5 19.0 57.7 55.4 2 .3  152.2 146.7 5 .3  53.7 
57 151.9 25.0 55.6 , 51.7 3.9 152,2 143.5 8 .6  49.6 
58 144.2 23.4 58.1 54.7 3.4 158.9 150 .4  8 .2  59.6 
59 144.8 20.3 56.7 54.5 2.3 155.4 150.0 5 .6  57.6 
60 135.7 18.9 59.6 57.4 2.2 147.8 142.6 5.1 51.3 
61 146.8 22.6 57.3 54.0 3 .3  159.3 151.7 7 .6  60.4 
62 150.8 21.1 59.6 56.8 2,7 156.4 150.0 6 .7  59.2 
63 148.2 21.5 57.3 54 .8  2.5 154 .8  148.0 6 ,7  56.8 
64 141.7 23.0 55.2 56.1 3.1 15G. 5 147.9 8.5 57.3 
65 143.8 21.4 59.6 56.5 3.1 153.5 147.9 5.5 57 .3  
66 132.2 24 .4  58 .1  54 .7  3 .4  157 .8  149 .9  7.9 59 .0  
67 141.5 20.7 57.4 55.0 2.5 159.2 150.9 8,4 59.2 
68  165.6 26 .6  56 .1  52.7 3.4 164 .4  152.1 12.5 61.6 
69 131.4 21.6 58.2 55.3 3 .0  157,9 151.0 6.8 60 .2  
70 118.0 25.2 55.0 51.9 4.0 157.1 147.5 9 .6  55,7 
71 123 .3  20.9 58.9 56.4 2.5 151,5 145 .6  6.4 55 ,0  
72 144.0 22 .8  57.2 53.6 3.6 151,3 143.3 7.9 51 .8  
73 153 .3  18.2 60.1 58.1 2.0 148.5 142.5 5.9 51,7 
74 133.5 18.8 59.9 57.8 2.1 152.4 148.8 3,9 58,4 
75 131.0 18.7 59.5 57.5 1.9 149,3 145.3 3 .6  54.4 
76 142.1 18.7 57.9 55.8 2.1 156,7 149.8 6.9 58 .8  
77 142.5 22 .6  59.5 56.4 3,1 153.2 146 .0  7,1 55 .8  
78 148.1 22 .8  58.6 55.4 3.2 150.7 144.2 7,1 52 .4  
79  149 .5  20 .2  56 .8  54 .1  2.7 150.0 143.8 6 ,2  51.6 
80 115.9 19.8 58.4 56.2 2.2 151,2 146.1 5.0 55.0 
81 141.7 21 .2  59.6 56 .5  Û.1 152.9 146. Î 6 ,4  56.9 
Ave. 142 .6  21 .6  57 .8  55 .0  2 .8  155.0 148 .0  6.9 56.6 
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F.M. Damg. Brkg. Lg. Lg. Med. Med. Sm. Sm, Res. 
% % % Rnds. 
% 
Fits. 
% 
Rnds. 
% 
Fits. 
% 
Rnds. 
% 
Fits. 
% 
Rnds. 
% 
1.0 19.5 2.4 3.3 23.1 13.4 45.2 8.9 3.5 2.6 
0.8 13.9 1.2 1.2 4.4 12.1 47.4 23.0 9.4 2.6 
0.8 14.4 1.6 2.4 6.4 18.3 38.5 26.7 5.2 2.9 
0.8 16.3 1.5 0.8 1.4 12.4 17.8 54.4 7.7 5.4 
1.1 19.9 1.9 3.2 9.0 17.1 40.8 21.9 5.7 3.0 
0.9 17.1 2.0 2.8 6.2 14.7 40.7 20.3 12.3 3.1 
0.9 18.8 1.7 3.2 8.6 17.1 44.2 18.3 5.3 3.1 
1.0 18.1 2.6 6.8 13.6 27.8 29.5 17.9 1.6 2.7 
1.2 20.0 2.1 6.0 26.7 14.0 37.4 10.6 2.9 2.8 
0.9 17.1 1.5 2.1 7.4 19.5 36.9 24.6 5.8 3.6 
1.0 17.1 1.8 2.7 6.6 20.0 33.7 28.2 5.1 3.7 
0.8 16.2 1.7 4.1 7.7 19.2 37.7 23.4 4.8 3.0 
1.1 19.2 2.0 5.7 16.4 16.6 44.2 11.1 3.4 2.6 
0.9 16.4 1.9 3.0 9.8 19.2 40.1 20.3 4 .8  2.9 
1.1 18.4 2.1 2.6 10.4 16.3 40.8 20.4 5.9 3.7 
1.2 19.6 2.6 3 .6  35.3 12.0 32.6 9.5 3.5 3.4 
1.2 14.2 1.8 1.5 3.6 16.5 38.9 29.8 5.9 3 .8  
1.0 19.0 2.4 5.6 22.0 17.3 36.5 12.6 2.9 2.7 
0.9 18.1 2.4 4.8 12.9 16.3 41.3 16.1 5.7 2.8 
0.8 15.6 1.3 1.7 2.2 13.7 22.4 41.9 11.4 6.4 
0.9 18.9 2.2 5.4 33.2 12.9 34.6 9.0 2.2 2.5 
0 .6  15.4 1.3 2.6 6.4 13.9 49.5 19.3 6.3 2.0 
1.0 17.7 1.7 2.2 10.9 14.3 46.2 17.1 6.6 2.6 
1.1 17.8 2.3 4.4 13.4 20 ,2  36 = 1 19.1 3.4 3./| 
0.7 17.5 1.3 1.9 6.4 15.9 44.4 23.3 5.6 2.8 
1.1 17.5 2.2 5.9 24.0 15.9 37.4 11.2 3 .0  2.6 
0.9 22.5 2.4 2.0 3.2 21 .5  22 .5  44.8 2.4 3.7 
1.0 19.9 2 .2  7.0 17.6 17.5 38.1 14.3 3.5 2.3 
1.1 20.0 2.0 5.4 20.5 18.3 35.9 14.4 2.9 2 .8  
1.0 16.6 1.8 3.9 9.9 14.9 42 .0  18.6 8.2 2.7 
1.1 19.3 1.9 3.6 15.2 17.4 37.2 18.9 4.4 3.4 
1.2 16.4 2.3 1.4 5.8 19.9 35.8 30.5 2.3 4.2 
1.0 17.5 1.7 0.9 2.3 13.7 20.1 50.1 8.1 5.0 
1.0 18.7 2.3 3.6 7.5 23.9 31.0 25.6 4.8 3.7 
0.9 15.3 1.6 1.8 8 .2  16.5 36.7 26 .2  6.3 3.9 
1.4 17.5 1.9 2.9 9.0 21.8 41.4 19.6 3.1 2.2 
0.9 19.0 1.7 2.5 7.4 16.6 40.4 21.3 8.4 3.5 
0.7 14.6 1.5 1.3 5.1 12.6 43.6 23.6 10.8 2.9 
1.2 18.4 1.7 1.1 3.0 8.8 38.2 20.5 22 .6  5.4 
1.4 26.5 2.3 3.6 7.8 21.5 34.4 22.8 4.5 5.4 
0.8 17.5 1.6 1.6 5.1 14.8 42.0 26.6 6.8 2.9 
1.0 18.3 1.9 3.3 11 .2  17.2 37.7 21.6 5.9 3.3 
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Table 57a. Entry names and corresponding entry numbers to identify 
adjusted treatment means data in Table 57b 
Entry Name No. Entry Name No. 
B14A X B37 1 B37 X B72 41 
B14A X B45 2 B37 X B73 42 
B14A X B54 3 B37 X B74 43 
B14A X B57 4 B37 X B75 44 
B14A X B65 5 B37 X M017 45 
B14A X B67 6 B37 X N5 46 
B14A X B72 7 B37 X N22A 47 
B14A X B73 8 B37 X N28 48 
B14A X B74 9 B37 X CH514 49 
B14A X B75 10 B37 X PA887P 50 
B14A X M017 11 B37 X WF9 51 
B14A X N5 12 B37 X (CBS//l)C3-87 52 
B14A X N22A 13 B37 X B14-2EARSYN 53 
B14A X N28 14 B37 X Q51—3-2—1-2—1 54 
B14A X PA887P 15 B37 X Q98-10-1-2-2-1 55 
B14A X WF9 16 B37 X Q66—7—4—4—2—1 56 
B14A X (CBS//l)C3-87 17 B37 X Q67—9—4—4—2—1 57 
B14A X (C131AXB37)-1 18 B37 X Q97-10-1-2-3-1 58 
B14A X (C131AXB37)-13 19 B37 X Q98—10—1—2—3—1 59 
B14A X (C131AXB37)-14 20 B37 X Q97—10—1—4—1-1-1 60 
B14A X (C131AXB37)-20 21 B37 X Q98-10-1-4-1-1-1 61 
B14A X Q51-3-2-1-2-1 22 B37 X (SSS)-lll 62 
B14A X Q98-10-1-2-2-1 23 B37 X (IA2EARSYN#1C2)-15 63 
B14A X Q97-10-1-2-4-1 24 B37 X (IA2EARSYN#lC2)-27 64 
B14A X Q66—7—4—4—2—1 25 B65 X B45 65 
B14A :: q67-9-4-4-2-l 26 BÔ5 X 554 56 
B14A X Q97-10-1-2-3-1-1 27 B65 X B57 67 
B14A X Q98-10-1-2-3-1-1 28 B65 X B67 68 
B14A X Q97-10-1-4-1-1-1 29 B65 X B68 69 
B14A X Q98—10—1—4—1~1—1 30 B65 X B70 70 
B14A X (SSS)-lll 31 B65 X B72 71 
B14A X (IA2EARSYN#1C2)-15 32 B65 X B73 72 
B14A X (IA2EARSYN#1C2)~27 33 B65 X B74 73 
B37 X B45 34 B65 X B75 74 
B37 X B54 35 B65 X M017 75 
B37 X B57 36 B65 X N5 76 
B37 X B65 37 B65 X N22A 77 
B37 X B67 38 B65 X N28 78 
B37 X B68 39 B65 X CH514 79 
B37 X B70 40 B65 X PA887P 80 
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Table 57a continued 
Entry Name No. Entry Name No. 
B65 X (CBS//l)C3-87 81 M017 X Q98—10—1—2—2—1 121 
B65 X (C131AXB37)-1 82 M017 X Q97—10-1—2—4-1 122 
B65 X (C131AXB37)-13 83 M017 X Q66—7—4—4—2—1 123 
B65 X (C131AXB37)-14 84 M017 X Q67—9—4-4—2—1 124 
B65 X (C131AXB37)-20 85 M017 X Q97—10—1—2—3—1—1 125 
B65 X B14-2EAESYN 86 M017 X Q98—10—1—2—3—1—1 126 
B65 X Q51—3-2—1-2-1 87 M017 X Q97—10—1—4—1—1—1 127 
B65 X Q98—10—1—2—2—1 88 M017 X Q98—10-1—4—1—1—1 128 
B65 X Q97—10—1—2—4—1 89 M017 X (SSS)-lll 129 
B65 X Q66-7-4-4-2-1 90 M017 X (IA2EARSYN#1C2)-15 130 
B65 X Q67—9—4—4—2—1 91 M017 X (IA2EARSYN#lC2)-27 131 
B65 X Q97—10—1—2—3—1—1 92 Farmers Entry 132 
B65 X Q98-10-1-2-3-1-1 93 
B65 X Q97—10—1-4-1—1—1 94 
B65 X Q98—10—1—4—1-1-1 95 
B65 X (SSS)-lll 96 
B65 X (IA2EARSYN#1C2)-15 97 
B65 X (IA2EARSYN#lC2)-27 98 
M017 X B45 99 
M017 X B54 100 
M017 X B57 101 
M017 X B67 102 
M017 X B68 103 
M017 X B72 104 
M017 X B73 105 
M017 X B74 106 
MO17 X B75 107 
M017 X N5 108 
M017 X N22A 109 
HOI7 X N28 110 
M017 X CH514 111 
M017 X PA887P 112 
M017 X WF9 113 
M017 X (CBS#l)C3-87 114 
M017 X (C131AXB37)-1 115 
M017 X (C131AXB37)-13 116 
M017 X (C131AXB37)-14 117 
M017 X (C131AXB37)-20 118 
M017 X B14-2EARSYN 119 
M017 X Q51-3-2-1-2-1 120 
Table 57b. Adjusted treatment means. South Central single cross compari­
sons, Iowa Experimental Corn Trials, Clarence, Iowa, 1971 
Entry Yield Moist. Dry TW Wet TW Chg.TW Wet D Dry D Chg.Disp. 200 
No. q/ha. % Ibs/bu Ibs/bu Ibs/bu ml. ml. ml. gms. 
1 71.3 20.5 57.1 55.4 1.7 162.6 155.9 11.9 64.6 
2 91.5 18.7 57.8 56.1 1.7 161.5 155.2 11.9 60.8 
3 100.5 19.2 56.8 55.2 1.6 160.7 155.4 14.3 65.3 
4 71.3 23.7 55.7 52.7 3.0 168.0 158.3 17.9 67.3 
5 82.8 19.8 57.9 56.3 1.6 159.2 154.5 8.3 65.4 
6 89.1 19.4 55.7 53.5 2.2 166.6 158.2 15.5 66.5 
7 95.5 21.8 57.3 55.0 2.2 159.4 152.0 13.1 62.2 
8 65.2 21,5 57.9 55.7 2.2 161.2 154.1 13.1 64.2 
9 85.4 22.1 57.4 54.9 2.6 168.0 157.4 19.0 71.8 
10 93.1 18.8 58.0 56.6 1.4 162.1 155.6 11.9 67.2 
11 100.2 21.3 57.3 55.4 1.9 160.7 152.5 14.3 61.0 
12 81.2 18.2 57.0 55.6 1.5 163.4 156.6 13.1 71.0 
13 73.3 20.9 60.1 57.7 2.1 162.7 154.6 14.3 70.4 
14 72.8 25.2 56.4 52.5 3.8 171.3 155.9 27.4 66.3 
15 96.2 23.3 58.4 56.2 2.2 173.3 161.6 21.4 74.9 
16 87.0 18.4 55.2 54.2 1.0 162.5 155,7 11.9 63.6 
17 68.7 17.9 59.9 58.0 1.8 160.0 152.1 16.7 62.5 
18 84.7 19.2 57.5 55.9 1.6 168,5 157.8 19.0 69.1 
19 72,5 19.9 57.2 54.9 2.3 158.0 150.7 13.1 60.3 
20 79.2 19.2 57.3 55.1 2 .2  164.0 156.1 14.3 66.4 
21 80.3 23.5 55.4 52.8 2.7 160.7 152.0 15.5 61.2 
22 95.5 19.8 57=5 55.8 1.7 160.0 151.8 14.3 61.6 
23 89.5 21.1 56.2 54.1 2.1 172.0 155.6 29.8 72.1 
24 82.9 20.0 59.6 57.5 2.1 154.0 147.9 10.7 57.1 
25 86.3 16.8 55.9 54.7 1.2 158.0 154.1 7.1 63.3 
26 92.7 22.2 56,5 53.5 2.9 156,7 150=4 11.9 57.9 
27 82.4 19.5 57.0 55.2 1.8 163.9 155.3 15.5 64.2 
28 93.9 20.8 56.6 54.3 2.3 167.8 160.8 13.1 70.9 
29 70.6 22.1 57.7 55.0 2.7 158.7 149.4 16.7 60.6 
30 82.6 22 .1  55.5 53.7 1.7 169,4 155.0 26.2 68.2 
31 85.6 21.2 55.5 53.1 2.4 166,0 156.0 17.9 65.0 
32 94.9 18.8 60.3 58.5 1.8 163 .3  157.4 10.7 69.3 
33 89.6 20.6 55.8 53.7 2.1 167.4 155.0 22.6 66.2 
34 98.1 21.3 58.4 56.3 2.5 150.2 144 .8  9.5 53.3 
35 84.5 23.2 57.9 55.5 2.4 154.2 147.2 11.9 54.9 
J() 82.5 25.8 54.0 50.6 3.4 155.6 148.7 11.9 56.1 
37 83.3 23.3 58.5 55.5 3.0 149,6 143.1 11.9 52.0 
38 108.1 21 .2  56.5 54.4 2.1 165.8 149.1 16.7 56.6 
39 80.7 22.2 56.4 53.7 2.8 162.3 152.2 17.9 60.8 
40 96.4 23.1 58.0 55.9 2.2 154.3 149.4 8.3 59.0 
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Damage Brkg. Lg. Lg. Med. Med. Sm. Sm. Res. 
% % Rnds. 
% 
Fits, 
% 
Rnds. 
% 
Fits. 
% 
Rnds. 
% 
Fits. 
% 
Itads. 
% 
16.3 3.4 20.3 12.3 28.6 24.0 12.2 1.2 1.7 
13.3 3.5 4.2 9.7 28.1 40.6 14.8 0.6 2.3 
13.3 3.0 4.6 10.6 26.2 40.2 16.2 0.6 1.6 
20.1 4.3 11.7 13.0 36.9 23.9 11.5 1.0 2.0 
17.8 2.0 7.3 6.6 21.7 35.4 26.4 0.9 1.8 
15.3 2.4 10.3 8.6 37.2 27.2 15.1 0.8 1.1 
16.9 2.8 4.7 6.4 27.8 34.8 23.6 1.2 1.7 
9.8 2.8 4.5 3.7 22.7 34.9 30.1 2.6 1.6 
16.4 3.8 13.4 22.8 28.7 27.2 6.0 0.5 1.4 
16.4 2.9 6.9 6.1 38.2 23.7 18.9 4.8 1.7 
18.2 2.9 4.8 16.5 18.8 40.4 15.3 1.6 2.8 
27.5 4.0 16.7 23.5 37.7 13.9 6.6 0.4 1.3 
17.0 2.7 6.1 6.0 37.3 25.9 22.6 0.5 1.2 
24.8 4.5 9.6 11.6 32.7 33.7 10.5 0.6 1.1 
17.4 3.5 12.6 29.8 29.5 21.9 4.3 0.5 1.2 
16.6 2.7 3.9 5.2 27.4 31.6 28.8 1.3 1.7 
14.2 1.5 4.5 9.1 32.8 31.9 19.5 0.6 1.3 
18.5 3.7 14,9 23.4 28.0 22.6 9.0 0.6 1.4 
18.3 2.6 5.7 9.3 18.4 45.7 16.3 2.6 1.8 
19.4 3.1 15.4 18.2 26.6 29.7 7.9 0.6 1.3 
19.4 3.9 6.9 13.2 23.8 38.1 13.4 1.6 2.8 
16.7 3.1 1.8 4.8 15.0 47.9 25.9 3.0 1.6 
20.3 3.5 13.9 34.7 27.9 17. S 3.6 0.5 1.5 
15.8 3.3 2.6 4.6 14.3 41.3 29.3 4.8 3.1 
22 .5  2 .7  8 .2  38 .9  21.1 23.6 6.3 0 .5  1.3 
12.6 1.8 2.2 9.4 12.6 51.0 17.6 6.1 1.3 
13.8 3.1 6.1 8.0 30.4 35.9 17.5 0.5 1.6 
21.2 4.4 14.5 29.2 31.7 17.8 5.0 0.5 1.3 
15.7 2.6 2.0 5.4 19.2 49.8 20.8 1.7 1.3 
15.6 3.7 9.2 14.3 36,6 26.0 12.1 0.5 1.4 
17.3 3.9 7 .2 24.6 19.6 38.5 7.5 0.6 1.6 
18.2 2.3 8.0 25.4 21.6 33.5 9.9 0.6 1.3 
28.6 4.2 7.6 29.6 19.2 34.5 7.2 0.9 1.4 
19.9 4.8 1.6 7.5 13.8 50.3 18.0 5.3 3.5 
19.8 4.4 1.8 9.4 13.3 50.7 15.4 5.8 3.6 
20.8 5.5 8.2 15.9 22.9 35.1 13.3 2.1 2 .7  
23.6 4.1 1.2 4.9 12.1 45.8 25.2 6.7 4.2 
16.2 2.7 5.8 11.8 19.1 42.8 14.9 3.3 2.1 
24.1 4.8 14.9 9.2 25.3 33.0 14.1 1.2 2.4 
22.0 6.1 3.6 27.5 11.4 43.5 8.1 2.7 3 .3  
Table 57b continued 
Entry Yield Moist. Dry TW Wet TW Chg.TW Wet D Dry D Chg.Disp. 200 KW 
No. q/ha. % Ibs/bu Ibs/bu Ibs/bu ml. ml. ml. gms. 
41 83.0 25.1 56.1 53.2 3.0 160.3 146.7 17.9 54.8 
42 108.5 21.8 57.6 55.0 2.6 156.2 151.2 8.3 64.1 
43 101.7 23.0 58.3 56.0 2.3 156.9 147.4 16.7 55.6 
44 101.0 24.4 57.8 55.1 2.7 158.3 149.2 15.5 58.8 
45 89.7 22.3 56.6 54.7 1.9 148.7 143.6 9.5 51.2 
46 69.4 21.2 57.5 55.9 1.6 160.0 150.6 16.7 59.4 
47 82.6 24.6 59.2 55.6 3.7 154.0 1 4 2 . 8  20.2 50.5 
48 70.7 28.0 55.2 51.7 3.6 157.9 148.0 17.9 56.1 
49 85.0 22.9 57.1 54.2 2.9 155.9 147.9 14.3 57.4 
50 100.5 23.6 58.1 55.4 2.7 161.4 153.6 14.3 63.9 
51 86.2 23.6 57.0 54.1 2.9 150.7 141.9 15.5 49.3 
52 93.1 19.9 60.1 57.9 2.2 149.3 144.7 8.3 53.4 
53 96.2 20.6 57.5 55.3 2.2 154.0 148.7 9.5 57.7 
54 103.9 23.2 57.0 54.2 2 . 8  151.4 146.5 9.5 53.4 
55 94.8 22.1 56.7 54.5 2.2 155.3 149.1 10.7 58.2 
56 100.9 19.7 58.1 56.5 1.6 156.7 149.4 13.1 5 8 . 7  
57 102.0 27.1 55.4 51.2 4.2 153.3 143.2 17.9 49.4 
58 104.9 21.3 55.1 52.8 2.3 152.6 147.9 8.3 55.7 
59 103.3 2 2 . 2  56.1 53.8 2.6 158.1 150.7 13.1 59.4 
60 89.6 22.9 57.4 53.4 4.0 150.7 147.7 6.0 56.1 
61 97.0 23.1 55.2 52.3 3.0 160.7 147.3 23.8 54.3 
62 67.3 23.7 54.6 51.2 3.4 157.3 147.7 16.7 55.9 
63 93.5 21.4 60.5 58.1 2.4 154.6 147.4 13.1 57.4 
64 101.2 2 2 . 7  55.9 52.7 3.2 159.4 152.3 13.1 61.2 
65 96.2 2 2 . 2  57.5 55.4 2.1 156.7 146.7 16.7 55.6 
66 89.4 21.0 58.4 56.4 2.1 158.7 151.1 13.1 60.9 
67 88.6 25.1 56.4 53.2 3.1 1 5 6 . 6  149,5 13,1 5 6 . 8  
6 8  103.6 18.2 57.8 56.6 1.2 155.1 150.4 8.3 59.1 
69 9 4 . 8  2 2 . 2  57.5 54.1 3.4 156.7 152.0 8.3 61.6 
70 88.1 21.1 59.0 57.8 1.2 152.7 148.1 8.3 57.6 
71 89.7 21.7 58.2 55.5 2.7 161.4 152.9 15.5 63.4 
72 79.0 19.1 56.7 54.4 2.3 171.8 156.3 27.4 71.9 
73 85.5 2 1 . 7  59.5 57.6 1.9 151.3 147.2 7.1 56.1 
74 9 6 . 2  21.2 58.7 56.4 2.3 152.0 146.4 10.7 55.1 
75 115.8 21.0 57.6 55.2 2 . 4  153.3 146.6 11.9 56.0 
76 77.6 19.8 6 0 . 2  58.5 1.7 156.0 150.5 9.5 60.6 
77 98.8 21.9 60.4 56.6 3 . 8  150.0 142.4 13.1 50.8 
78 113.1 25.7 5 7 . 7  52.6 4.4 159.8 149.4 19.0 59.3 
79 77.2 21.3 57.5 55.1 2.4 156.6 149,8 11.9 5 9 . 9  
80 91.9 2 5 . 2  58,7 54.4 4.2 165.3 150.7 26.2 65.0 
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Damage 
% 
Brkg. 
% 
Lg. 
Rnds. 
% 
Lg. 
Fits. 
% 
Med. 
Rnds. 
% 
Med. 
Fits, 
% 
Sm. 
Rnds. 
% 
Sm. 
Fits. 
% 
Res. 
Rnds. 
% 
16.5 3.3 3.2 11.0 17.5 48.2 13.8 3.7 2.4 
16.2 3.4 2.4 4.6 16.6 45.2 19.4 8.8 2.8 
16.3 3.7 3.6 14.3 21.3 42.0 13.6 2.0 3.0 
21.4 4.4 4.2 19.0 20.8 40.6 10.9 1.2 3.1 
16.8 4.8 1.3 5.6 10.7 47.9 15.2 15.2 4.2 
20.0 3.6 11.1 31.6 25.1 23.1 6.4 0.7 2.1 
20.9 4.2 1.3 3.9 12.8 37.1 31.7 8.5 4.8 
19.2 4.8 4.3 8.6 18.2 40.9 20.6 4.7 2.7 
21.5 3.7 3.3 6.8 14.7 50.7 16.9 5.2 2.4 
16.8 5.1 5.6 21.8 29.1 31.2 9.3 1.2 1.9 
16.9 3.8 0.4 1.8 11.2 26.5 42.5 12.5 4.9 
11.2 3.0 1.3 4.2 12.2 41.0 29.2 8.9 3.3 
14.8 3.2 3.8 13.1 21.7 45.2 11.9 2.2 2.2 
14.8 4.7 1.2 77.7 11.8 57.4 14.5 5.3 2.5 
16.8 4.7 7.0 28.9 16.7 34.3 9.2 1.7 2.2 
14.5 3.3 2.6 43.5 12.4 33.3 5.3 1.4 1.8 
13.9 4.8 1.4 8.1 10.0 48.4 15.4 13.9 2.8 
19.8 3.8 2.7 8.8 19.3 46.3 16.7 3.4 2.8 
18.5 5.1 8.6 27.3 19.5 30.3 10.2 1.3 2.9 
16.6 2.8 1.3 4.3 9.6 51.3 21.3 9.7 2.6 
15.9 4.1 5.6 17.6 17.3 36.6 16.5 3.2 2.9 
19.7 4.5 3.1 22.9 15.2 44.4 8.8 2.9 2.7 
14.8 3.6 4.5 16,7 21.8 39.7 12.2 2.6 2.8 
23.1 5.4 y./ 30.3 19.3 29.6 7.5 1.5 2.1 
22.4 6.0 0.7 6.8 10.6 51.9 23.1 2.9 4.1 
17.7 3.3 3.5 11,6 13.2 48.9 17.8 2.1 2.9 
24.9 3.3 4.1 5.6 20.4 41.5 23.4 1.8 3.2 
22.6 3.3 2.0 3.1 17.5 39.8 33.1 2.3 2.3 
20.6 4.1 2.6 3.6 17.7 36.2 35.6 1.9 2.6 
20.4 3.6 2.4 11.9 12.2 49.2 17.7 3.1 3.6 
17.5 2.6 3.9 9.7 18.5 46.3 18.4 1.0 2.1 
18.8 4.1 12.5 19.2 31.1 27.3 8.4 0.5 1.0 
19.2 3.1 2.0 6.4 15.8 43.3 26.3 2.9 3.7 
21.6 3.8 3.6 4.8 15.2 37.6 29.0 5.4 4.7 
21.7 4.4 0.4 0.3 6.7 16.5 50.2 17.7 8.0 
14.7 2.4 2.9 9.1 22.2 37.4 25.3 1.0 2.4 
17.6 3.4 0.5 1.4 9.3 30.4 44.6 9.7 4.5 
21.4 3.6 2.2 2.1 13.1 39.1 33.3 7.3 3.0 
22.1 3.3 1.4 7.0 10.5 50.8 24.3 4.0 2.2 
26.4 4.9 4.2 13.5 26.3 42.8 10.5 0.7 2.3 
Table 57 b continued 
Entry Yield Moist. Dry TW Wet TW Chg.TW Wet D Dry D Chg.Disp. 200 KW 
No. q/ha. % Ibs/bu Ibs/bu Ibs/bu ml. ml. ml. gms. 
81 78.7 
82 101.2 
83 89.8 
84 76.8 
85 99.6 
86 91.0 
87 95.5 
88 98.4 
89 74.0 
90 91.7 
91 86.8 
92 81.7 
93 89.5 
94 98.0 
95 98.3 
96 87.6 
97 86.7 
98 82.4 
99 100.2 
100 94.9 
101 72.0 
102 81.2 
103 79.7 
1U4 78.1 
105 83.1 
106 82.9 
107 78.6 
108 93.6 
109 75.9 
110 98.0 
111 98.8 
112 93.3 
113 85.5 
114 77.7 
115 93.0 
116 ':').4 
117 79.6 
1J8 81.5 
119 102.1 
120 107.0 
18.6 60.8 
20.9 59.4 
23.6 57.7 
22.4 58.9 
25.3 57.9 
19.4 59.0 
21.2 56.7 
21.3 58.5 
19.2 58.9 
18.5 58.6 
25.1 57.8 
22.4 57.4 
21.2 57.7 
25.3 55.2 
22.0 57.8 
23.7 56.9 
19.5 62.6 
20.4 57.7 
20.3 57.5 
20.5 59.9 
26.4 53.8 
19.6 55.5 
22.4 56.5 
23.1 56.5 
23.5 57.4 
23.5 58.8 
23.2 57.8 
20.6 57.9 
22.0 55.9 
26.6 56.4 
23.0 57.5 
24.3 56.6 
20.8 54.3 
19.3 58.5 
21.2 58.6 
22.7 58.4 
22.2 57.3 
24.6 56.2 
20.1 57.8 
23.4 55.1 
59.1 1.7 
57.1 2.3 
54.4 3.3 
56.6 2.4 
54.1 3.8 
56.9 2.1 
54.1 2.6 
56.1 2.4 
57.0 1.8 
57.5 1.4 
54.0 3.8 
54.8 2.6 
55.2 2.6 
51.6 3.6 
55.2 2.5 
54.0 2.9 
60.9 1.7 
55.4 2.3 
55.1 2.4 
58.6 1.3 
50.6 3.2 
53.9 1.9 
53.7 2.8 
53.8 2.7 
54.5 3.0 
55.0 3.8 
55.1 2.7 
55.7 2.2 
52.9 2.9 
52.5 3.9 
54.9 2.7 
53.4 3.2 
52.2 2.0 
56.2 2.3 
55.8 2.8 
55.6 2.9 
54.8 2.5 
53.0 3.2 
56.0 1.8 
52.9 2.3 
149.4 142.5 
154.6 148.8 
151.8 145.1 
153.3 147.1 
156.6 146.0 
153.2 147.8 
150.6 143.3 
157.3 147.8 
152.7 148.9 
152.0 146.7 
152.8 144.0 
152.0 144.6 
151.3 145.7 
153.3 144.2 
150.7 144.8 
156.0 147.8 
152.7 146.6 
150.7 145.4 
157.9 149.1 
159.4 153.6 
167.4 155.8 
161.3 153.9 
169.4 154.7 
Ibù.l 152.0 
159.9 152.4 
165.9 155.3 
164.6 156.5 
166.6 157.4 
156.0 152.1 
156.0 152.1 
165.9 153.2 
172.0 154.0 
161.9 150.9 
160.0 152.4 
165.8 155.3 
163.2 155.6 
167.2 151.7 
169.3 156.9 
161.9 159.1 
155.3 149.1 
11.9 51.7 
10.7 59.5 
11.9 53.4 
13.1 56.9 
19.0 55.6 
9.5 57.4 
13.1 69.1 
16.7 57.2 
7.1 55.4 
9.5 54.8 
15.5 53.0 
13.1 52.6 
10.7 55.2 
16.7 50.9 
10.7 53.8 
14.3 56.7 
10.7 57.8 
9.5 54.8 
15.5 57.4 
10.7 64.7 
20.2 63.9 
15.5 61.2 
26.2 68.3 
15.5 59.4 
13.1 63.0 
19.0 66.3 
11.9 67.7 
16.7 66.6 
7.1 60.0 
7.1 60.0 
22.6 66.8 
32.1 69.2 
13.1 59.6 
13.1 62.8 
19.0 70.8 
13.1 65.3 
23.8 65.0 
21.4 67.2 
9.5 68.6 
10.7 54.4 
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Damage Brkg. Lg. Lg. Med. Med. Sm. Sm. Res 
% % Rnds. Fits. Rnds, Fits. Rnds. Fits. Rnds 
% % % % % % % 
17.1 1.7 1.1 2.7 7.5 29.2 43.8 9.8 5.7 
20.2 2.8 1.7 13.9 11.7 51,8 15.8 2.2 3.0 
19.6 3.4 1.3 4.1 13.3 42,6 29.8 5.6 3.4 
21.3 2.3 2.0 6.6 19.2 44,0 22.7 2.7 3.1 
24.4 3.8 1.4 4.8 12.2 45,8 27.1 4.4 4.3 
16.3 2.9 1.7 2.7 14.4 38,0 37.6 3.1 2.4 
23.8 4.4 1.1 1.2 6,1 31,5 27.9 26.7 5.9 
21.7 4.7 3.2 16.1 15.8 46,8 13.9 1.0 3.3 
16.9 3.0 3.1 4.5 13.9 35.5 35.6 4.6 2.9 
14.3 2.7 1.9 12.6 17.8 47.6 16.9 1.2 1.9 
14.4 3.2 1.7 4.0 9.8 37.6 27.3 12.2 7.1 
19.2 3.1 1.7 2.3 11.1 37.8 37.1 5.9 4.0 
18.3 3.3 1.4 2.5 12.4 31.1 44.6 4.1 3.9 
14.6 3.6 1.5 4.1 15.7 42.5 30.7 2.7 2.9 
19.1 3.1 1.8 2.3 13.1 30.5 42.8 4.7 4.7 
19.8 4.3 1.5 7.9 12.9 50.5 19.3 5.0 2.8 
15.7 2.7 1.1 9.8 12.2 50.3 19.5 4.6 2.4 
18.7 4.2 1.5 6.8 10.9 51.9 19,1 7.0 3.0 
16.3 3.9 4.3 16.4 15.6 45.8 12.9 2.8 2.2 
18.3 • 3.2 6.7 11.4 32.5 29.5 17.3 0.8 1.9 
27.7 5.1 9.1 23.3 25.7 31.6 7.2 0.9 2.0 
16.4 3.8 7.2 22.2 22.7 35.0 9.2 2.0 1.6 
21.6 3.5 9.1 15.5 27.7 33.4 12.1 1.0 1.3 
13.8 3.7 3.9 23.2 16.5 43.9 8.9 2.4 1.4 
15.1 4.8 8.9 33.4 13.4 34.6 6.5 1.3 1.8 
14.1 3.2 8.0 29.4 14.1 39.0 7.4 0.7 1.3 
17.5 3.5 13.1 17.2 31.9 25.7 9.6 1.1 1.5 
16.5 3.1 15.5 29.7 27.9 18.2 6.9 0.3 1,5 
34.0 .4.5 4.1 10.4 19.5 47.4 14.9 1.8 1.9 
19.4 4.9 9.1 32.7 14.2 33.6 7.6 1.7 1.3 
16.4 2.6 4.6 25.0 18.0 43.9 6.3 0.8 1.3 
22.9 5.3 10.7 29.5 29.9 23.1 5.2 0.3 1.3 
16.7 3.6 6.5 12.0 21.7 40.3 15.2 2.1 1.9 
14.3 3.1 4.5 18.3 23.6 35.7 15.0 1.2 1.4 
17.2 3.0 11.0 54.4 11.9 18.0 2.9 0.4 1.1 
17.2 3.3 10.4 34.1 18.5 28.9 5.6 0.7 1.5 
16.9 3.7 17.4 42.2 15.6 17.6 4.6 0.6 1.7 
21.1 4.8 7.6 45.3 10.1 26.6 6.3 1.6 2.3 
15.7 3,2 7.7 24.9 20.5 33.1 10.6 1.4 1.5 
17.5 3.2 2.2 13.7 10.1 52.4 13.5 5.7 1.8 
Table 57b continued 
Entry Yield Moist. Dry TW Wet TW Chg.TW Wet D Dry D Chg.Disp. 200 KW 
No. /^ha % Ibs/bu Ibs/bu Ibs/bu ml. ml. ml. gms. 
121 9 6 . 4  22.1 57.7 55.6 2.1 168.7 157.5 19,0 6 8 . 6  
122 79.9 23.0 57.2 54.7 2.4 159.3 151.3 14.3 60.2 
123 104.4 19.5 58.3 56.4 1.9 161.3 154.5 11.9 6 3 . 5  
124 105.7 26.9 5 6 . 6  52.6 4.0 162.7 151.9 19.0 59.7 
125 75.4 24.3 54.7 51.1 3.6 163.4 154.0 16.7 61.1 
126 97.6 21.0 57.0 54.9 2.1 163.4 154.3 10.7 66.6 
127 88.3 24.1 55.6 52.3 3.3 1 6 2 . 0  153.7 14.3 61.6 
128 111.8 22.0 57.5 54.9 2.6 158.0 154.1 7,1 63.5 
129 81.8 23.8 55.2 51.8 3.4 168.1 156.9 26.2 70.3 
130 103.5 21.5 61.0 58.2 2.8 160.0 151.9 14.3 63.0 
131 102.2 20.7 5 6 . 8  55.1 1.7 162.0 154.5 17.9 63.6 
132 91.4 21.8 5 8 . 8  56.9 1.9 149.2 140.5 15.5 49.1 
Avg. 89.4 2 1 . 9  5 7 . 4  54.9 2.5 158.9 151.0 14.6 60.6 
191 
Damage Brkg. Lg. Lg. Med. Med. Sm. Sm. Res 
% % Rnds. 
% 
Fits. 
% 
Rnds. 
% 
Fies. 
% 
Rnds. 
% 
Fits. 
% 
Rnds 
% 
18.6 4.5 10.3 50.3 10.5 20.6 5.9 0.6 1.5 
12.6 2.0 5.5 19.1 15.2 46.6 10.0 1.9 1.6 
14.4 2.7 6.7 48.5 12.6 25.1 5.2 0.5 1.2 
10.5 2.4 3.6 23.2 10.3 48.1 9.4 4.0 1.3 
22.8 3.5 6.9 42.6 9.2 32.4 6.0 1.1 1.7 
17.7 5 . 3  11.2 43.0 15.2 22.9 5.8 0.4 1.5 
19.8 3.4 6.1 42.9 10.7 31.6 5.5 0.9 1.8 
10.6 2.8 5.6 25.4 14.5 40.0 11.1 1.5 2.0 
14.7 3.7 9.4 50.1 11.1 2 3 . 7  4.4 0.7 0.8 
12.8 2.9 6.3 27.1 18.7 35.5 9.7 1.0 1.6 
15.7 3.1 6.7 30.3 19.6 33.5 6.6 1.4 1.8 
1 2 . 3  3 . 2  0 . 9  1.4 14.1 3 0 . 9  3 9 . 0  9 . 6  4.1 
18.2 3.6 5.6 16.2 18.9 36.7 16.9 3.2 2 . 4  
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Table 58a. Entry names and corresponding entry numbers to identify 
adjusted treatment means data in Table 58b 
Entry Name No. Entry Name No. 
B14A X B37 1 B37 X Q66-7-4-4~2-l 44 
B14A X B45 2 B37 X Q97-10-1-4-1-1-1 45 
B14A X B54 3 B37 X Q98-1-1-2-2-1 46 
B14A X B57 4 B37 X Q9810-1-2-3-1-1 47 
B14A X B70 5 B37 X Q98-10-1-4-1-1-1 48 
B14A X B73 6 B37 X (1A2EARSYN//1)C2-15 49 
B14A X B74 7 B37 X (IA2EARSYN#l)C2-27 50 
B14A X B75 8 B37 X (CBSy/lC4(SSS))-7 51 
B14A X M017 9 B37 X (SYNB)C2-100 52 
B14A X N7A 10 B37 X (SSS)C6-5-3 53 
B14A X N7B 11 B37 X Midland-125 54 
B14A X N28 12 B70 X B45 55 
B14A X PA887P 13 B7Û X B54 56 
B14A X (C131AXB37)-1 14 B7G X B57 57 
B14A X (C131AXB37)-20 15 B70 X B68 58 
B14A X Q51-3-2-1-2-1 16 B7G X B73 59 
B14A X Q66-7—4—4—2—1 17 B70 X B74 60 
B14A X Q97-10-1—4-1-1 18 B70 X B75 61 
B14A X Q*8-10-l-2-2-l 19 B79 X N7A 62 
B14A X Q98-10-1-2-3-1-1 20 B70 X N7B 63 
B14A X Q98-10-1-4-1-1-1 21 B7G X CH514 65 
B14A X (IA2EARSYN#1)C2-15 22 B70 X PA887P 66 
B14A X (IA2EARSYN#l)C2-27 23 B70 X (C131AXB37)-1 67 
B14A X (CBS#lC4(SSS))-7 24 B70 X (C131AXB37)-20 6 8  
B14A X (SYNE)C2-10Q 25 B70 X El4-2EAPvSYN 69 
B14A X (SSS)C6-5-3 26 B70 X Q51-3-2-1-2-1 70 
B14A X Midland-125 27 B70 X Q66-7-4-4-2-1 71 
B37 X B45 2 8  B70 X Q97—10—1—4—1—1—1 72 
B37 X B54 29 B70 X Q98-10-1-2-2-1 73 
B37 X B54 29 B70 X Q98-10-1-2-3-1-1 74 
B37 X B57 30 B70 X Q98—10—1-4-1—1—1 75 
B37 X B68 31 B70 X (IA2EARSYN//1)C2-15 76 
B37 X B70 32 B70 X (IA2EARSYN#l)C2-27 77 
B37 X B73 33 B70 X (CBS#lC4(SSS))-7 78 
B37 X B74 34 B70 X (SYNB)C2-100 79 
B37 X B75 35 B70 X (SSS)C6-5-3 80 
B37 X M017 36 B70 X Midland-125 81 
B37 X N7A 37 M017 X B45 8 2  
B37 X N7B 38 M017 X B54 83 
B37 X N28 39 M017 X B57 84 
B37 X OH514 40 M017 X B68 85 
B37 X PA887P 41 M017 X B73 86 
B37 X B14-2EARSYN 42 M017 X B74 87 
B37 X Q51-3-2-1-2-1 43 M017 X B75 8 8  
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Table 58a continued 
Entry Name No. 
MOI 7 X N7A 89 
MOI 7 X N7B 90 
MOI 7 X N2B 91 
MOI 7 X CH51A 92 
MOI 7 X PA887P 93 
M017 X (C131AXB37)-1 94 
MOI 7 X (C131AXB37)-20 95 
MOI 7 X B14-2EARSYN 96 
MOI 7 X Q51—3—2—1—2—1 97 
MOI 7 X Q66—7—4—4—2-1 98 
MOI 7 X Q97—10—1—4—1—1—1 99 
MOI 7 X Q98—10—1—2—2—1 100 
MOI 7 X Q98—10—1—2—3—1—1 101 
MOI 7 X Q98—10—1—4—1—1—1 102 
MOI 7 X (IA2EARSYN//1)C2-15 103 
MOI 7 X (IA2EARSYN#l)C2-27 104 
MOI 7 X (CBS#lC4(SSS))-7 105 
MOI 7 X (SYNB)C2-100 106 
M017 X (SSS)C6-5-3 107 
MOI 7 X Midland-125 108 
B14 X Alpho 5 109 
Farmers Entry 110 
Table 58b, Adjusted treatment means. South Central single cross comparisons, 
Iowa Experimental Com Trials, combined analysis, Ames & Martins-
burg, 1972 
Entry Yield Moist. Dry TW Wet TW Chg. TW W.Disp, D.Disp. Chg.Disp. 200 KW 
No. q/ha. % Ibs/bu Ibs/bu Ibs/bu ml. ml. ml. gms. 
1 71.2 22.5 58.7 54.6 4.0 163.7 153.8 10.0 64.7 
2 72.0 21.7 59.6 55.7 3.9 163.3 152.6 10.7 62.2 
3 85.3 20.9 58.5 55.7 2.8 164.7 154.6 10.0 67.3 
4 88.8 25.5 56.1 52.5 3.6 168.0 156.1 12.0 64.5 
5 87.2 23.2 58.8 54.8 4.0 170.0 159.4 10.7 71.2 
6 73.4 21.7 59.4 56.1 3.3 162.3 152.9 9.3 62.3 
7 78.9 22.8 58.8 55.3 3.5 166.3 156.0 10.0 65.8 
8 82.5 21.6 58.9 55.4 3.5 163.3 153.1 10.3 62.8 
9 92.5 21.6 58.6 55.1 3.4 173.3 162.0 11.3 73.2 
10 77.4 24.2 56.9 52.9 4.1 166.0 154.0 12.0 62.5 
11 61.4 22.1 57.7 53.8 3.9 167.0 153.6 13.3 64.5 
12 78.0 24.5 57.9 53.4 4.5 167.0 152.3 14.7 62.2 
13 79.3 23.9 58.4 55.1 3.3 170.0 155.7 14.3 67.2 
14 70.6 20.9 58.6 55.7 2.9 166.7 155.4 11.3 66.0 
15 82.1 24.1 56.8 52.8 4.1 160.7 151.0 9.7 59.7 
16 87.0 21.5 60.0 56.2 3.8 161.7 150.3 11.3 61.2 
17 66.3 18.4 58.1 56.1 1.9 158.0 151.4 6.7 60.5 
18 75.1 23.3 59.2 54.7 4.5 172.7 158.9 13.7 69.5 
19 83.8 23.4 57.5 53.4 4.0 172.7 158.9 13.7 69.5 
20 86.7 21:5 59.5 56.3 3:3 164.3 152.7 11.7 64.5 
21 79.6 24.9 56.5 52.2 4.3 170.0 154.3 15.7 64.8 
22 84.2 20.4 60.6 57.3 3.3 163.3 153.7 9.7 65.3 
23 81.6 21.5 57.7 54.5 3.2 167.7 155.4 12.3 66.2 
24 75.3 20.8 58.3 55.3 3.0 150.3 142.4 8,0 50.3 
25 80.8 22.5 58.5 54.6 3.9 165.3 154.7 10.7 65.7 
26 72.1 23.0 58.1 54.5 3.6 174.7 160.6 14.0 72.5 
27 79.8 24.3 58.3 54.1 4.2 165.3 152.1 13.3 62.2 
28 69.2 23.5 58.9 55.0 4.0 152.0 145.3 6.7 53.8 
29 88.2 24.0 59.0 55.0 4.0 159.0 146.3 12.7 55.5 
30 79.1 28.9 55.4 51.4 4.0 162.7 148.8 14.0 56.7 
31 74,2 24.2 58.3 54.0 4.3 163.3 149.3 14.0 58.8 
32 89.9 24.9 59.6 55.2 4.5 155.7 144.6 11.0 53.2 
33 84.5 24.5 58.8 54.7 4.1 152.3 144.4 8.0 53.8 
34 68.4 23.4 59.9 55.9 4.0 152.7 144.3 8.3 54.2 
35 75.8 25.3 58.6 54.4 4.3 156.7 145.7 11.0 54.8 
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Damage Brkg. F.M. Lg.Rnds. Lg.Flts. Med.Rnds. Med.Flts. Sm.Rds. S.F. R.R. 
o/ 0/ c/ O/ o/ y o/ (y *7  ^
/o /o /o /o /o /o /o /o /o /o 
15.7 2.1 0.8 11.9 3.2 20.2 37.4 21.6 3.6 1.3 
12.9 2.2 0.8 4.0 2.9 14.4 48.0 25.1 3.7 2.1 
12.5 2.3 0.6 6.5 2.2 17.1 50.8 18.1 3.3 2.0 
19.4 3.6 0.9 12.8 3.8 24.7 38.9 17.1 1.4 1.9 
19.2 3.0 0.9 8.4 7.2 14.4 57.2 9.2 1.2 1.6 
11.6 2.8 0.7 2.7 1.0 16.1 22.1 51.2 4.8 2.9 
12.6 1.9 0.8 5.5 4.5 12.8 50.2 18.8 6.1 1.8 
14.9 2.5 0.8 4.3 3.3 22.6 40.9 25.1 1.3 2.1 
13.5 1.9 0.5 10.1 5.4 16.3 51.7 13.5 2.1 1.2 
16.5 2.9 1.0 2.5 1.3 13.2 46.2 26.8 7.9 2.2 
18.2 4.3 1.2 7.7 4.4 25.8 40.1 19.0 1.4 2.0 
18.1 3.3 0.9 6.1 2.6 15.0 42.8 25.2 5.2 1.9 
13.0 4.1 0.7 7.7 5.5 15.5 56.0 11.7 2.2 1.3 
16.4 2.7 0.9 11.7 4.4 20.3 43.1 15.6 3.5 1.6 
15.4 3.1 1.0 5.1 1.8 14.8 47.8 23.4 4.8 2.0 
16.6 2 . 8  0.7 1.5 1.0 11.6 49.3 26.5 8.7 1.6 
20.7 3 . 0  0.7 6.6 4.9 15.0 55.6 13.3 3.3 1.5 
9.4 2.1 0.8 2.4 1.5 10.6 49.1 28.0 6.8 1.6 
15.1 2.5 0.7 8.5 6.6 20.4 49.3 11.8 2.1 1.5 
14.6 1 = 7 0.6 5.4 2.5 22.0 39.9 27.7 1.9 1.5 
11.8 2.4 0.8 7.6 3.0 19.6 43.3 24.0 1.2 1.3 
14.5 2.2 0.6 6.6 4.3 18.5 47.0 20.5 2 . 8  1.4 
19.6 2.7 0.9 4.4 3.3 12.6 59.9 13.2 4.1 2.3 
7.3 0.9 0.7 0.6 0.3 6.0 18.1 41.7 27.2 6.3 
11.5 2.1 0.6 7.0 2.4 18.2 41.2 26.3 3.0 1.8 
12.8 3 . 0  0.8 15.6 6.5 24.9 38.3 12.3 1.0 1.1 
11.2 1.8 0.6 3.0 1.8 14.2 47.7 28.7 3.6 1.5 
15.5 3.7 1.6 2.2 1.2 11.1 35.0 28.2 18.6 4.0 
18.6 3.1 1.2 2.5 2.1 11.8 48.4 18.5 14.4 3.1 
18.8 4.4 1.5 9.1 5.4 29.5 35.5 14.3 3.4 2.7 
1 4 . 4  2 . 9  1.0 4.9 1.5 20.2 34.3 32.8 3.9 2.4 
16.1 3.6 1.4 1.5 1.1 7.8 44.5 15.8 2 5 . 3  3.3 
16.2 3.0 1.5 0.6 0.4 5 . 9  2 1 . 2  29.0 37.8 4.7 
12.3 2.9 1.3 1.2 1.4 10.2 39.7 31.5 14.0 2.9 
17.5 5.2 1.5 2.8 2.9 18.7 45.9 2 3 . 0  3.8 3.2 
Table 58b continued 
Entry Yield Moist. Dry TW Wet TW Chg.TW W.Disp. D.Disp. Chg.Disp. 200 KW 
No. q/ha. % Ibs/bu Ibs/bu Ibs/bu ml. ml. ml. gms. 
36 86.6 24.3 58.7 54.7 4.0 165.7 154.0 11.7 63.8 
37 83.5 25.0 58.5 54.0 4.5 162.3 149.0 13.3 58.5 
38 76.2 23.5 57.8 53.6 4.2 157.3 147.3 10.0 55.7 
39 81.0 27.9 56.9 52.7 4.2 162.7 146.9 15.7 55.5 
40 74.1 24.2 59.0 54.5 4.5 158.3 148.4 10.0 58.5 
41 8 6 . 7  25.9 57.8 53.7 4.1 162.0 150.9 11.0 59.8 
4 2  73.7 22.6 58.8 55.3 3.4 159.3 149.7 9.0 59.3 
43 95.7 26.1 58.0 53.5 4.5 157.7 146.0 11.7 54.0 
44 80.7 21.9 58.7 55.7 2.9 159.0 149.0 10.0 57.3 
45 75.3 25.0 57.7 53.2 4.5 159.0 146.7 12.3 55.3 
46 91.2 23.1 57.6 53.8 3.8 157.7 147.3 11.0 56.3 
47 90.0 23.8 56.7 52.7 4 . 0  160.7 149.0 11.7 56.5 
48 86.1 25.0 56.8 52.6 4.2 159.0 146.0 13.0 54.7 
49 87.6 23.2 61.5 57.4 4.1 158.3 148.7 9.7 58.8 
50 87.7 23.7 57.1 53.1 3.9 162.0 150.4 12.3 58.5 
51 82.0 25.1 57.8 52.7 5.0 153.3 140.0 12.7 50.7 
52 98.6 26.0 58.2 53.3 4.9 165.7 149.3 16.3 59.2 
53 91.5 25.2 57.3 53.0 4.4 162.7 149.0 13.7 57.3 
54 76.4 24.9 58.9 53.8 5.1 157.7 149.4 9.3 58.3 
55 37.2 24.6 58.2 54.1 4.1 147.7 140.0 7.7 65.5 
56 64.1 24.5 59.9 55.5 4.4 154.3 144,0 10.3 55.0 
57 46.9 29.4 54.5 51.5 3.U 163.7 147.7 16.0 54.5 
58 84.0 26.7 58.6 54.4 4.2 164.3 152.7 11.7 62.3 
59 90.9 25.8 60.2 55.3 4 . 8  156.7 147.7 10.3 55.0 
60 63.7 26.0 60.9 55.7 5.2 159.3 145.0 14.3 55.0 
61 71.7 22.9 61.0 57.6 3.4 155.0 149.8 6.0 59.7 
62 74.5 24.7 59.5 55.2 4.2 160.7 148.7 12.0 58.3 
63 55.3 23.8 59.1 54.8 4.3 159.3 148.0 11.3 55.5 
64 85.8 27.6 58.4 53.8 4.6 164.0 148.7 15.3 57.5 
65 77.4 25.5 58.6 53.9 4.7 167.3 153.6 13.7 64.2 
66 57.5 25.8 5 8 . 4  54.9 3.5 160.7 149.7 11.0 58.5 
67 80.7 24.4 60.0 55.9 4.1 162.0 149.6 12.3 60.8 
68 9 3 . 9  24.7 60.2 55.9 4.3 157.3 145.0 12.3 54.5 
69 64.0 22.8 5 9 . 0  55.3 3.7 166.3 153.0 13.3 63.3 
70 66.0 24.9 58.3 54.6 3.7 157.0 144.7 13.0 52.2 
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Damage Brkg. F.M. Lg.Rnds. Lg.Flts. Med.Rnds. Med.Flts. Sm.R. S.F. R.R, 
(y (y (y (y w y cy w y «y 
/b /b /o /b /o h /o /o /o /o 
12.9 2.6 0.8 6.5 4.0 13.7 51.7 10.4 12.7 1.8 
16.8 3.6 1.7 2.5 1.6 19.2 38.4 24.7 10.5 2r 
16.1 4.4 1.4 1.9 1.3 14.4 41.3 22.6 15.4 2.8 
16.0 4.5 1.4 3.0 0.9 13.9 3 6 . 8  24.5 17.9 2.6 
14.6 2.6 1.1 1.5 0.5 11.8 30.2 39.8 13.1 2.6 
17.4 3.6 0.8 3.0 2.5 18.9 48.1 16.1 8.9 2.1 
12.4 2.1 1.7 3.6 2.6 16.2 47.7 20.3 7.5 2.3 
14.1 3.4 1.4 1.4 0.8 11.2 37.0 19.3 27.7 2.3 
12.6 2.6 1.4 3.6 3.7 11.9 53.5 12.4 13.2 1.9 
13.5 2.0 1.1 1.6 1.1 15.1 43.7 19.6 16.5 2.0 
14.5 2.7 1.2 4.5 3.4 13.1 50.1 17.4 9 . 5  2 . 6  
16.1 4.0 1.0 5.2 5.4 17.1 47.0 15.9 6.5 2.7 
10.6 2.5 1.1 3.1 1.9 14.2 36.7 27.9 13.9 2.0 
15.3 2.8 0.9 4.0 3.1 13.8 48.1 18.7 9.8 2.6 
18.2 3.5 1.4 3.5 3.5 13.0 54.9 11.6 11.0 2.4 
10.0 1.6 1.1 0.7 1.0 4.1 17.3 21.3 48.4 6.5 
13.9 2.6 1.5 5.8 3.4 15.9 50.2 13.6 9.6 2 . 2  
18.4 4.0 0.9 3.6 1.1 15.0 39.8 2 3 . 3  14.8 2.6 
10.9 1.9 0.9 1.3 1.0 10.1 41.8 21.8 22.0 2.2 
15.9 4.2 1.2 0.9 0.8 7.2 35.9 24.7 25.6 4.6 
15.4 3.7 0.9 2.8 2.6 11.2 52.6 21.4 7.1 2.7 
n r. 1 / n C A -7 n / 1 f. C O A 
L,\J • / • (j 0.9 6 # u X • u J U V » / • X  ^* u Z.  V 
17.2 4.4 1.4 4.7 2.2 1 2 . 7  55.9 16.9 4.9 2.3 
15.3 3.5 0.9 1.6 0 . 6  7.5 29.5 23.5 31.6 5.3 
15.7 3.1 1.7 1.7 1.5 9.1 55.6 18.5 11.5 2.7 
17.0 2.8 0.8 1.6 0.9 10.9 54.9 19.6 9.6 2.6 
15.8 3.6 1.2 1.1 1.1 7.8 47.2 16.4 24.4 2 . 3  
13.9 4.3 1.2 1.4 1.4 9.7 49.0 19.4 16.4 2.5 
17.0 3.8 1.0 2.2 1.1 9.9 50.9 19.7 13.8 2.1 
19.5 3.1 0.8 3,0 2 . 2  11.0 Gl. 6 14 8 1 Ô B 2 1.9 
19.7 6.0 1.2 4.3 3.3 13.8 57.1 15.3 3.8 2.2 
12.9 2.6 1.0 3.6 4.4 14.3 50.1 12.0 13.3 2.5 
12.0 2.5 1.1 0.7 1.3 6.5 47.1 17.5 24.1 2.7 
17.8 3.3 1.1 5.2 4.3 11.1 59.2 14.8 3.1 2.0 
16.5 4.5 1.1 2.1 1.1 6.9 41.5 17.3 28.6 2.6 
Table 58b continued 
Entry Yield Moist. Dry TW Wet TW Chg.TW W.Disp. D.Disp. Chg.Disp. 200 KW 
No. g/ha % Ibs/bu Ibs/bu Ibs/bu ml. ml. ml. gms. 
71 55.2 21.6 60.5 57.5 3.0 159.7 149.7 10.0 61.5 
72 66.1 24.9 < 8 . 9  54.8 4.1 155.0 145.0 10.0 53.5 
73 84.6 23.3 ).8 55.9 4.8 161.7 149.6 12.0 61.3 
74 77.4 24.9 59.5 55.5 4.0 154.7 145.4 9.3 55.2 
75 86.2 24.3 59.6 54.5 5.2 162.0 148.1 14c0 61.0 
76 74.8 23.1 63.1 58.5 4.7 157.3 146.4 11.0 57.3 
77 61.4 22.9 59.5 55.7 3.7 157.7 150.3 7.3 58.5 
78 70.0 24.4 58.1 53.9 4.2 148.7 140.0 10.0 47.8 
79 61.3 24.7 59.5 55.1 4.4 156.7 145.3 11.3 53.8 
80 94.7 25.5 58.1 54.2 3.9 163.3 149.3 14.0 58.8 
81 56.1 25.0 5 8 . 4  5 4 . 4  4.0 158.0 147.3 10.7 57.0 
82 75.7 23.1 58.9 54.9 4.0 156.0 148.0 8.0 58.0 
83 82.9 22.8 60.2 56.3 3.9 165.0 152.6 12.3 65.7 
84 75.5 28.8 55.2 51.8 3.4 172.0 154.7 17.3 62.7 
85 96.8 24.6 58.4 54.7 3.7 172.0 156.7 15.3 67.5 
86 103.6 23.5 59.1 54.8 4.2 163.7 151.0 12.7 60.8 
87 74.6 23.4 60.2 55.8 4.3 163.7 151.7 12.0 62.8 
88 89.3 2 5 . 7  58.7 54.4 4.3 165.7 151.4 14.3 60.3 
89 94.8 23.2 58.1 53.0 5.2 161.7 153.0 8.7 60.8 
90 73.2 22.6 57.9 54.2 3.7 162.7 152.0 10.7 61.2 
91 96.2 26.8 57.3 53.3 4.0 171.0 156.3 14.7 65.3 
92 O -7 1 U / • X 22.8 S9.1 55.0 4 • 1 lu4.0 151.9 12.3 Û3.2 
93 85.5 25.5 56.9 52.8 4.1 170.0 154.6 15.3 64.2 
94 89.0 21.9 59.9 56.2 3.7 167.7 155.1 12,7 65,7 
95 94.0 25.2 57.8 53.1 4.7 167.7 152.3 15.3 62.5 
96 8 8 . 6  22.5 59.1 55.2 3.8 166.7 158.0 9.3 68.5 
97 92.9 25.8 56.6 52.9 3.7 162.0 150.3 11.7 58.2 
98 85.0 20.4 58.9 56.0 2.9 160.7 153.3 7.3 63.0 
99 68.9 23.9 57.5 52.8 4.6 170.7 157.3 13.3 66.7 
100 101.4 22.5 C O  o  vu • V 54,7 4.0 156 » 7 152.7 14.0 u2.7 
101 96.1 22.4 58.7 54.9 3.8 165.7 152.7 13.0 62.2 
102 99.7 24.5 58.2 53.5 4.7 164.7 152.0 12.7 60.7 
103 95.8 22.8 61.7 56.7 5,1 164.7 153.0 11.7 64.3 
104 73.6 21.7 58.4 54.9 3 . 4  160.7 150.1 10.7 58.3 
105 86.7 24.5 58.3 53.9 4.4 155.7 146.3 9.3 53.5 
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Damage Brkg. F.M. Lg.Rnds. Lg.Flts. Med.Rnds. Med.Flts. Sm.R. S.F, R.R. 
«y (y <y y w Of a/ o/ o/ /q /O /O /O /o /O /O /O /O /o 
13.9 2.5 0.8 4.5 4.0 10.4 67.5 7.7 4.5 1.9 
15.2 2.2 1.1 0.7 0.7 7.8 46.4 24.3 17.8 2.4 
15.8 3.1 0.8 3.2 4.0 10.0 67.1 10.2 3.8 2.0 
20.3 3.1 1.1 1.4 1.0 8.9 47.6 26.5 11.4 3.0 
13.0 2.9 0.8 1.6 1.8 9.5 56.2 20.9 8.0 1.8 
10.5 1.8 0.7 3.6 3.1 9.2 52.1 16.5 13.7 2.3 
17.3 3.0 1.1 1.4 0.8 8.5 55.6 18.7 11.4 3.7 
9.2 2.0 0.9 0.3 0.3 3.8 12.7 21.3 56.1 5.9 
12.3 2.4 0.9 1.8 0.5 13.0 40.8 35.1 6.6 1.8 
19.7 3.7 1.0 3.1 1.9 10.1 54.1 12.0 16.5 2.6 
13.6 2.4 1.0 1.6 1.0 8.1 49.4 21.4 16.2 2.3 
13.2 2.6 1.0 3.3 2.8 8.8 50.0 16.3 15.7 2.5 
11.2 2.2 0.7 6.0 4.7 14.3 51.0 17.7 3.9 1.9 
19.8 5.0 1.1 8.6 3.1 22.7 46.2 16.3 1.8 1.5 
16.4 3.0 0.7 5.6 3.0 17.1 46.5 24.5 2.6 1.3 
13.4 2.7 0.7 2.1 1.0 10.4 32.9 28.2 22.4 2.8 
11.7 1.7 0.6 3.8 3.5 8.9 57.5 14.9 10.3 1.6 
12.3 3.9 0.6 5.0 3.0 16.4 52.8 19.1 1.8 1.5 
13.2 3.2 0.9 5.0 3.0 8.2 53.2 16.3 18.8 2.0 
17.7 4.6 1.0 1.1 0.7 15.4 52.9 12.0 8.0 1.9 
14.9 3.7 0.9 6.8 2.6 11.0 53.8 16.6 7.2 1.8 
IQ .9 2.2 0.5 2.2 l.A 11.5 53.1 21.6 H X 1.6 
14.9 5.1 0.7 4.8 3.7 11.3 63.3 12.9 3.4 1.2 
11.4 2.1 0.7 7.1 4.3 11.4 59.2 8.1 7.9 1.5 
12.5 3.6 0.8 4.8 3.2 10,6 56.1 13.8 9.5 1.8 
15.4 2.4 0.5 7.6 5.0 12.7 52.8 16.5 3.5 1.3 
14.5 2.8 0.7 1.8 1.0 8.1 49.6 22.4 15,3 1.6 
11.2 1.7 0.6 7.2 4.4 11.1 61.6 9.1 5.6 1.2 
17.2 2.3 0.8 5.8 4.7 12.7 58.1 12.0 5,4 2.0 
15.1 2.6 0 = 7 6.6 6.9 9.3 61.7 10.4 3.8 1.7 
14,7 2.6 0.7 8.5 8.4 10.8 55.1 12.9 2.3 1.7 
9.9 2.3 0.6 3.2 1.8 11.7 51.7 22.8 6.6 1.7 
9.3 2.3 0.6 7.0 5.2 11.2 57.9 13.5 3.9 1.4 
13.7 3.0 0.8 2.5 3.1 10.9 55.6 15.4 10.0 2.1 
7.9 1.0 0.4 1.4 0.7 8.8 28.7 17.3 40.8 2.3 
Table 58b continued 
Entry Yield Moist. Dry TW Wet TW Chg.TW W.Disp. D.Disp. Chg.Disp. 200 KW 
No. q/ha % Ibs/bu Ibs/bu Ibs/bu ml. ' ml. ml. gms. 
106 74.7 26.7 56.6 51.9 4.7 170.7 155.7 15.0 64.8 
107 97.3 25.2 56.7 53.2 3.4 168.0 157.4 10.7 66.5 
108 76.2 27.2 56.5 52.6 3.9 167.7 153.3 14.3 62.0 
109 89.1 21.9 58.3 55.1 3.2 167.0 156.0 11.0 66.3 
110 82.9 23.3 58.9 54.7 4.3 162.7 150.3 12.3 59.0 
Avg. 79.9 24.0 58.5 54.5 4.0 162.2 150.6 11.7 60.4 
201 
Damage Brkg. F.M. Lg.Rnds, Lg.Flts. Med.Rnds. Med.Flts. Sm.R. S.F, R.R. 
at o/ <3/ (3/ O! Of «y 
/o /a /o /o /o /o to to fo /o 
13.4 3.6 0.8 8.1 4.2 12.9 60.3 10.3 2.9 1.0 
14.3 4.1 0.8 7.1 5.2 11.3 54.5 13.8 6.3 1.9 
14.5 3.0 0.7 5.9 2.1 12.6 53.5 16.5 8.1 1.3 
13.8 2.2 0.7 8.0 3.9 24.9 38.4 22.1 1.5 1.7 
14.0 3.2 0.8 3.8 3.0 11.1 36.9 35.4 7.1 2.7 
14.7 3.0 0.9 4.3 2.7 13.2 47.1 19.7 10.6 2.3 
Table 59, Significant correlation coefficients. District 2, Iowa 
Corn Yield Test. Combined analysis of high and low populations 
at Estherville and Rudd, 1971 
Variables^  1 2 3 4 5.6 7 8 
Yield 1.00 
% Moist. 0.41 1.00 
D.T.W. -0.45 -0.53 1.00 
W.T.W. -0.53 -0.76 0.92 1.00 
Chg. TW 0.48 0.89 -0.41 -0.71 1.00 
W. Disp. 0.34 0.54 -0.50 -0.52 0.45 1.00 
D. Disp. 0.26 -0.44 -0.36 0.85 1.00 
Chg. Disp. 0.53 0.82 -0,55 -0.74 0.84 0.55 0.28 1.00 
200 K.W. 0.68 0.85 
% P.M. -0.42 -0.37 -0.33 
% Brk. 0.26 
% P.D. -0.29 0.30 
% L.R. -0.29 0.58 0.68 
% L.F. -0.37 -0.31 0.50 0.55 
% M.R. 0.57 0.70 
% M.F. 0.28 0.39 -0.60 -0.58 0.31 0.58 0.63 0.36 
% S.R. -0.34 0.58 0.51 -0.58 -0.63 -0.33 
% S.F. -0.31 -0.43 
% R.R. -0.28 -0.37 0.64 0.59 -0.30 -0.71 -0.78 -0.43 
r = 0.26 at 0.05 level of probability 
Variables are: 1. Yield = Yield; 2. % Moist. = percent harvest 
moisture; 3. D.T.W. = dry test weight; 4. W.T.W. = wet test weight; 
5. Chg. TW = change in test weight upon drying; 6. W. Disp. = wet dis­
placement; 8. Chg. Disp. = change in displacement upon drying; 9.200 K.W. 
= two hundred kernel weight; 10. % P.M. = percent foreign matter; 11. % 
Brk. = percent breakage; 12. % P.D. = percent physical damage; 13. % L.R.= 
percent large-round kernels; 14. % L.F. = percent large-flat kernels; 
15. % M.R. = percent medium-round kernels; 16. % M.F. = percent medium-flat 
kernels; 17. % S.R. == percent small-round kernels; 18. % S.F. = percent 
small-flat kernels; 19. % R.R. = percent residual-round kernels. 
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9 10 11 12 . 13 14 15 16 17 18 19 
1.00 
1.00 
-0.33 1.00 
0.37 0.60 1.00 
0.29 0.75 0.69 1.00 
0.72 0.54 1.00 
0.56 0.36 0.27 0.58 1.00 
0.75 0.43 0.77 1.00 
0.36 0.50 0.40 0.75 1.00 
-0.33 -0.54 -0.43 -0.33 -0.60 -0.84 -0.32 -0.94 1.00 
-0.59 -0.47 -0.39 -0.56 
-0.43 -0.61 -0.33 -0.52 -0.60 -0.53 -0.87 0.81 
Significant correlation coefficients. District 5, Iowa 
Corn Yield Test, combined analysis of high and low populations 
at Clarence and Ogden, 1971 
Table 60. 
Variables 1234567 8 
Yield 1.00 
% Moist. 1.00 
D.T.W. -0.56 1.00 
W.T.W. -0.75 0.95 1.00 
Chg. TW 0.27 0.90 -0.45 -0.69 1.00 
W. Disp. 0.64 -0.64 -0.69 0.56 1.00 
D. Disp. 0.37 -0.48 -0.49 0.32 0.92 1.00 
Chg. Disp. 0.22 0.82 -0.67 -0.78 0.73 0.82 0.54 1.00 
200 K.W. 0.32 -0.29 -0.33 0.30 0.87 0.97 0.47 
% P.M. -0.27 -0.40 -0.32 
% Brk. 0.33 -0.56 -0.52 0.51 0.43 0.47 
% P.D. -0.28 -0.47 -0.38 0.46 0.42 0.37 
% L.R. 0.51 -0.53 -0.56 0.40 0.86 0.84 0.63 
% L.F. 0.38 -0.37 -0.42 0.39 0.61 0.60 0.44 
% M.R. -0.22 -0.23 0.44 0.48 0.25 
% M.F. 0.22 0.25 0.36 
% S.R. -0.52 0.52 0.59 -0.52 -0.69 -0.66 
% S.F. -0.24 0.27 0.27 -0.65 -0.70 -0.39 
% R.R. -0.48 0.35 0.43 -0.48 -0.71 -0.72 -0.49 
r = 0.22 at 0.05 level of probability 
V^ariables are: 1. Yield = Yield; 2. % Moist. = percent harvest moisture; 
3. D.T.W. = dry test weight; 4. W.T.W. = wet test weight; 5. Chg. TVI = change 
in test weight upon drying; 6. W. Disp. = wet displacement; 8. Chg. Disp. = 
change in displacement upon drying; 9. 200 K.VJ. = two hundred kernel weight; 
10. % P.M. = percent foreign matter; 11. % Brk. = percent breakage; 12. % P.D. 
= percent physical damage; 13. % L.R. = percent large-round kernels; 14. % 
L.F. = percent large-flat kernels; 15. % M.R. = percent medium-round kernels; 
16. % M.F. = percent medium-flat kernels; 17 % S.R. = percent small-round 
kernels; 18. Z S.F. = percent small -flat kernels; 19. % R.R. = percent 
residual-round kernels. 
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9 10 11 12 13 14 15 16 17 18 19 
1.00 
1.00 
0.33 0.64 1.00 
0.35 0.62 0.68 1.00 
0.80 0.23 0.57 0.53 1.00 
0.56 0.30 0.61 0.34 0.65 1.00 
0.45 0.36 0.50 0.54 1.00 
-0.29 -0.36 -0.41 1.00 
•0.61 -0.24 -0.44 -0.27 -0.65 -0.76 -0.49 1.00 
0.68 -0.24 -0.57 -0.47 -0.69 -0.57 -0.63 0.42 
•0.71 0.25 -0.52 -0.45 -0.23 -0.49 0.70 
Table 61. Significant correlation coefficients. South Central single 
cross comparisons, Iowa Experimental Corn Trials, Clarence, 
1971 
Variables ^  1 2 3 4 5 6 7 8 9 
Yield 1.00 
1 Moist. 1.00 
D.T.W. -0.37 1.00 
W.T.W. -0.64 0.92 1.00 
Chg. T.W. 0.84 -0.26 -0.61 1.00 
W. Disp. -0.23 -0.26 -0.24 1.00 
D. Disp. -0.18 -0.22 =0.19 0.81 1.00 
Chg. Disp. 0.38 -0.30 -0.39 0.35 0.61 0.31 1.00 
200 K.W. -0.19 -0.18 0.83 0.95 0.41 1.00 
% F.M. 
% Brk. • 0.46 -0.38 -0.44 0.33 0.22 
I P.D. 0.18 -0.23 -0.27 0.18 
1 L.R. -0.24 -0.24 0.70 0.77 0.40 0.77 
1 L.F. -0.20 0.55 0.58 0.34 0.57 
% M.R. 
-0.28 -0.26 -0.31 0.52 0.62 0.26 0.63 
% M.F. -0.52 -0.53 -0.34 -0.57 
% S.R. 0.34 0.27 -0.58 -0.64 -0.37 -0.61 
% S.F. 0.20 0.20 -0.55 -0.67 -0.23 -0.66 
t R.R. 0.19 0.23 -0.61 -0.76 -0.27 -0.73 
r = 0.17 at 0.05 level of probability 
V^ariables are: 1. Yield = yield; 2. % Moist. = percent harvest 
muiaLurt;; 3. D.T.w. = dry cast weight; 4. W.Ï.W. = wet test weight; 
5. Chg. T.W. = change in test weight upon drying; 6. W. Disp. = wet 
displacement; 7. D. Disp. = dry displacement; 8. Chg. Disp. = change in 
displacement upon drying; 9. 200 K.W. = two hundred kernel weight; 10. % 
F. M. = percent foreign matter; 11. % Brk. = percent breakage; 12. % P.O. = 
percent physical damage; 13. % L. R. = percent large-round kernels; 14. % 
L. F. = percent large-flat kernels; 15. % M. R. = percent medium-round 
kernels; 16. % M. F. = percent medium-flat kernels; 17. % S. R. = percent 
small-round kernels; 18. % S. F. = percent small-flat kernels; 19. % R. R. = 
percent residual-round kernels. 
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10 11 12 13 14 15 16 17 18 19 
1.00 
1.00 
0.49 1.00 
1.00 
0.59 1.00 
0.60 1.00 
-0.72 -0.48 -0.44 1.00 
-0.64 -0.78 -0.31 -0.20 1.00 
-0.54 -0.50 -0.52 -0.20 -0.57 1.00 
-0.58 -0.53 -0.51 0.19 0.69 0.75 
Table 62. Significant correlation coefficients, South Central single cross 
comparisons, Iowa Experimental Corn Trials, combined analysis 
Ames and Martinsburg, 1972 
Variables^  1 2 3 4 5 6 • 7 8 
Yield 1.00 
% Moist 1.00 
D.T.W. -0.47 1.00 
W.T.W. -0.65 0.91 1. ,00 
Chg. TW 0.48 -0. ,26 1.00 
W. Disp. 0.34 -0.32 -0. ,26 1. 00 
D. Disp. 0.31 -0.24 -0.30 0. ,91 1. 00 
Chg. Disp. 0.23 0.56 -0.40 -0. ,51 -0.29 0. ,63 0. 25 1.00 
200 K.W. 0.19 -0.32 -0.27 0. ,82 0. 91 0.19 
% F.M. -0.32 0.43 -0.22 -0. ,29 -0. 43 -0. 52 
% Brk, -0.20 0,54 -0,40 -0, .39 0.32 
% P.D. 0.24 -0.30 -0, ,21 -0.20 
% L.F. -0.26 -0.36 0. ,73 0. 77 0.27 
% L.F. 0.20 -0.29 -0.30 0, ,62 0. 66 0.20 
% M.R. -0.34 -0, .20 -0.30 0. ,53 0. 52 0.26 
% M.F. 0, .43 0. 44 
% S.R. -0. 37 -0. 36 -0.21 
% S.F. 0.20 0.31 -0, .68 -0. 71 -0.25 
% R.R. -0, .72 -0. 72 -0.33 
Per. thick. 
r = 0.19 at 0.05 level of probability 
V^ariables are: 1. Yield = Yield; 2. % Moist. = percent harvest 
moisture; 3. D.T.W. = dry test weight; 4. W.T.W. = wet test weight; 
5. Chg. TW = change in test weight upon drying; 6. W. Disp. = wet 
displacement; 8. Chg. Disp. = change in displacement upon drying; 
9. 200 K.W. = two hundred kernel weight; 10. % F.M. = percent foreign 
matter; 11. % Brk. = percent breakage; 12. % P.D. = percent physical 
damage; 13. % L.R. = percent large-round kernels; 14. % L.F. = percent 
large-flat kernels; 15. % M.R. = percent medium-round kernels; 16. % M.F. 
" percent medium-flat kernels; 17. % S.R. = percent small-round kernels; 
18. % S.F. = percent small-flat kernels; 19. % R.R. = percent residual-
round kernels. 20. Per. thick = pericarp thickness (Martinsburg only). 
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1.00 
-0.50 
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0.65 
0.47 
0.43 
- 0 . 3 4  
-0.69 
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1.00 
0.58 
0.47 
-0.33 
-0.30 
-0.27 
0.29 
0.47 
1.00 
0.64 1.00 
0 . 2 6  
0 . 2 4  
-0 .21 
-0 .28 
1.00 
0.78 
0.69 
0 . 2 2  
-0.41 
-0.63 
-0.55 
1.00 
0 . 4 3  
0.47 
- 0 . 6 2  
-0 .60  
-0.50 
1.00 
-0.64 
- 0 . 4 4  
1.00 
-0 .68  
-0.59 
-0.64 
1.00 
0.37 
0.19 
1.00 
0.75 
-0.23 
1.00 
1.00 
Table 63. Significant correlation coefficients, date of planting and 
harvesting study, Galva-Primghar Experimental Farm, Sutherland, 
Iowa, 1973 
Variables ^ 1 2 3 4 5 6 7 8 9 
H. D. 1.00 
PI. D. 1.00 
% Moist. -0.94 1.00 
Yield -0.46 1,00 
W.T.W. 0.59 -0.67 -0,79 1.00 
D.T.W. 0.72 -0.59 -0.89 0.96 1.00 
Chg. TW 0.82 -0,87 0,63 0,82 1.00 
W. Disp. 0.95 0,90 -0,57 -0.67 -0.74 1.00 
D. Disp. -0.80 -0,53 0.53 0,78 0.77 0.52 1.00 
Chg. Disp. -0,80 0.51 0,93 -0.53 -0,85 -0.91 -0.81 0.81 -0.75 
200 K.W. 0.36 -0.78 -0.62 0.48 0.81 0.81 0.58 0.97 
% P.D. -0.63 0.56 0.82 -0.90 -0.95 -0.80 0.56 -0.81 
% F.M. -0.70 0.44 0,82 -0.89 -0.94 -0.79 0.62 -0,66 
% Brk. -0.79 0.38 0,90 -0.48 -0,85 -0.93 -0.83 0,72 -0.61 
% L.R. 
% L.F. -0.36 
% M.R. -0,43 -0.43 0,36 0.37 
% M.F. 0.40 0.45 0.39 
% S.R. 
% S.F. 0.38 -0,36 
% R.R. -0.66 0.46 0,80 -0,91 -0.84 -0.81 0.60 -0,64 
r = 0.36 at 0.05 level of probability 
V^ariables are: 1. H.D. =* harvest date; 2. PI. D. = planting date 
(replication); 3. % Moist. = percent moisture; 4. Yield = yield; 5. W.T.W.= 
wet test weight; 6. D.T.W. = dry test weight; 7. Chg, TW = change in test 
weight; 8. W. Disp. = wet displacement; 9. D. Disp. = dry displacement; 
10.Chg. Disp. = change in displacement; 11, 200 K,W, = 200 kernel weight: 
12. % P.O. = percent physical damage; 13, % F,M. = percent foreign matter; 
14. % Brk. = percent breakage; 15, % L.K, = percent large-rounds; 36. % L,F. 
= percent large-flats; 17. % M.R. = percent medium-rounds; 18. 7- M.F. = 
percent medium-flats; 19, % S.R, = percent smalt-rounds ; 20- % S.F. = 
percent small-flats; 21. % R.R, = percent residual-rounds. 
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-0.37 
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